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Section 1 
SUMMARY AND CONCLUSIONS 


DESIGN FLOWS 


(Section 3) 


Current water demand projections show the required ca- 


pacity of the Tenmile Creek Water Treatment Plant (WTP) 


to be 10.6 million gallons per day (mgd) by the year 
2007 and 12.3 mgd by the year 2017. These maximum de- 
mand projections are believed to be conservative since 
they do not account for existing leakage in Tenmile 
transmission pipelines. Because sufficient data does 
not exist on the leakage amounts, existing demand pro- 
jections are recommended for use in planning the capac- 
ity of the Tenmile Creek WTP. 


The capacity of the existing Rimini raw water supply 
pipeline is 9 mgd. Based on recent flow and pressure 
tests; ethercapacity of the two 16-inch transmission 
pipelines appears to be much less than 10 mgd. There- 
fore, a new transmission pipeline is recommended in 


lieu of a booster pump station. 


Chessman Reservoir must be placed back into service if 
the Tenmile Creek WTP is to be used year-round as a 


base load plant. 


The recommended initial capacity of the Tenmile Creek 
WTP is 9 mgd, expandable to 11.3 mgd. The maximum flow 
available from the initial WTP would be 10 mgd for 3 to 


4 days before seriously depleting storage. 


SELECTION OF TREATMENT PROCESSES 


(Section 4) 


The use of package contact adsorption clarifiers (CAC) 
as manufactured by Johnson/Microfloc is recommended for 
the Tenmile Creek WTP. Filters would be custom designed 


Gravity sta Ltersiingconcretes basins’. 
The filtration system recommended is as follows: 


fe) 36-inch-deep gravity mixed-media filter operating 


at 5 gallons per minute per square foot (gpm/SF) 


fe) Filtration rate control using constant rate influ- 


ent flow splitting 
O Leopold block file underdrain system 


fe) Four 325-square-foot filters initially and the 
addition of one 325-square-foot filter to meet 


future demands 


fe) A backwash system using water backwash and auxil- 


lary water surface wash 


Chlorine dioxide is recommended as a predisinfectant in 
order to prevent excessive formation of trihalomethanes. 
Chlorine will be used for post-disinfection and to main- 


tain a disinfectant residual. 


A reservoir management program should be initiated once 
Chessman Reservoir is placed back into service. The 
goal of the management program should be to reduce taste 


and odor problems caused by Chessman water. 
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The treatment system will use potassium permanganate, 
powdered activated carbon (PAC), and possibly chlorine 
dioxide to control tastes and odors in the finished 


water. 


Sufficient contact time exists within the treated water 
storage reservoir and transmission pipelines to ensure 
proper disinfection for all pathogenic organisms, includ- 


ing Giardia, at low chlorine dosages. 


Corrosion control by pH adjustment does not appear fea- 
sible for Tenmile system water. A pilot program using 
zinc orthophosphate as a corrosion inhibitor is recom- 


mended. 


PRELIMINARY DESIGN 


(Section 5) 


A process flow diagram for the recommended treatment 

plant is presented in Figure S=1. ther major UnLtssare’s 
static screens, CAC units, gravity mixed-media filters, 
treated water storage reservoir, waste washwater surge 
basin, waste washwater recovery basins, and sludge la- 


goons. 


A preliminary hydraulic profile is presented in Fig- 
ure 5-2. The WIP will require approximately 27 feet of 
total head at the peak hydraulic capacity. 


The preliminary design criteria are presented in Ta- 
ble 5-1. These criteria can be summarized as follows: 
inline mechanical rapid mix with an energy input of 
1,000 per second; contact adsorption clarification ata 


hydraulic loading rate of 10 gpm/SF; and gravity mixed- 
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media filtration at a hydraulic Peeorng race OL on Opm/ of. 


Cationic polymer will be provided as the primary coagu- 
lant with alum or nonionic polymer as a coagulant aid. 
Other chemical systems will include chlorine dioxide, 


chlorine, PAC, sodium hydroxide, and zinc orthophosphate. 


Proposed chemicals and application points are summarized 
in Table 5-3. Chemical feeder capacity required is 
shown in Table 5-4 and chemical storage criteria are 


shown in Table 5-5. 


Waste washwater will be recovered and recycled back to 
the plant influent. Sludge will flow to onsite sludge 
lagoons for storage, drying, and removal. Ultimate 


disposal will be to a sanitary landfill. 


Adequate instrumentation and controls will be provided 
to monitor the plant operations at a plant monitoring 
panel (PMP). A microprocessor will be provided to allow 
automatic control of the coagulant feed rate. Pumps, 
ELrecers ,- and CAC units will be controlled from local 
panels. Filter controls will provide an automatic back- 
Wasi Leature. §CAC flush cycles will be initiated man- 
ually or automatically and the cycle will be controlled 


automatically. 
Capabilities to monitor the water distribution storage 
reservoir levels and Missouri River WTP flow rates will 


be provided at the PMP. 


Alarms and automatic shutdown capabilities will be pro- 


vided for unattended plant operation periods. 


A preliminary plant layout is shown on Figure 5-3. 


a Ore 


Preliminary design drawings for treatment processes are 


presented on Figures 5-6 through 5-11. 


RESERVOIR COVER 


(Section 6) 


A floating membrane cover and membrane liner are recom- 


mended for the Tenmile Creek treated water reservoir. 


The cost of floating membrane covers are generally one- 


fifth to one-tenth the cost of fixed rigid covers. 


Floating membrane covers require routine maintenance 


for successful use. 


TRANSMISSION PIPELINES AND BOOSTER PUMP STATION 


(Section 7) 


Results of flow and pressure tests made on the 16-inch 
pipelines show that these pipelines do not have the 
hydraulic capacity to provide 10 mgd to a booster pump 


station at Yaw Yaw. 


Hydraulic analysis of the Tenmile Creek transmission 
pipelines using a computer model indicates that the 
projected year 2007 maximum day demand of 10.6 mgd can 
be met by replacing the lower 17,000 lineal feet of 
existing 24-inch-diameter steel pipe, 16-inch-diameter 
steel pipe and 16-inch-diameter cast iron pipes with a 
new 33-inch-diameter pipeline. The projected year 2017 
maximum day demand of 12.3 mgd will require replacement 
of the remaining upper 2 miles of the 24-inch and two 
16-inch pipelines with a new 33-inch pipeline, assuming 


complete abandonment of the two 16-inch pipelines. 
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An impressed current cathodic protection system is rec- 
ommended for external corrosion protection of the 16-inch 
steel transmission pipeline within highway right-of-way. 
The same impressed current system will be used to protect 


the new 33-inch pipeline. 


Only hot-spot protection of the 16-inch and 24-inch 
steel pipelines is recommended outside of the highway 


right-of-way. 


COST ESTIMATES AND SCHEDULE 


(Section 8) 


Capital cost estimates are presented for four water 


treatment plant alternatives: 


fe) Contact adsorption clarification (CAC) =- gravity 
mixed-media filtration, as described in Section 5 


and recommended for construction. 


fe) CAC - gravity mixed-media filtration, using Micro- 


floc set riconsinsert modules. 


fe) CAC - gravity mixed-media filtration using Microfloc's 


Trident package plant units. 


fo) Conventional, complete treatment WTP using floccu- 
lation, sedimentation, and gravity mixed-media 


EYVetracion. 


The CAC WTP using Microfloc's Trident package plant 
units has the lowest total capital cost and the conven- 
tional WTP has the highest total capital cost. 
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The CAC WTP using package CAC units followed by custom 
filters is recommended for construction. The estimated 
totalecapital cost for this WTP is $6,917,000... The 
capital cost of this alternative is approximately $50,000 
greater than the capital cost of the least expensive 
alternative, the CAC WTP using Trident package plant 


units. 


The estimated total capital cost for approximately 17,000 
lineal feet of 33-inch-diameter transmission pipeline 
Use rly loom U OO. 


The estimated total capital cost for an external corro- 
sion protection system for the existing 16-inch-diameter 
steel pipe and the upper 2 miles of the 24-inch-diameter 
steel pipe is $106,300. 


The estimated annual O&M costs for the first full year 
of operation of the recommended CAC WTP are $367,100. 
Proposed automation may lower the annual O&M costs by 
conserving coagulants and reducing operator time re- 


quirements. 


The estimated annual O&M costs for power and maintenance 
of the transmission pipeline cathodic protection system 


is $2,900 for the first full year of operation. 


A present worth analysis that compares construction of 
the transmission pipeline to construction of the previ- 
ously proposed booster pump station shows that the pump 
station is only slightly more cost effective at nominal 
Pieeretleravesednas.Oupercent, OF greater. ~ Construction 
of the pipeline is more cost effective at all nominal 
interest rates if a cost escalator of 6 percent is 


assumed for power costs. 
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A present worth analysis that compares the proposed CAC 
WTP to a conventional complete treatment WTP shows that 
the CAC WTP has a present worth that is $645,000 to 
$764,000 less than the conventional WTP. 


BOT463/059 


, 


> yt ed ua 
, ques 4 
Le 
i 
» Y 
» 240 
ey 
,a 
ry 
7 
i 
! 
© 
is 
7 
ine 


| hese - 


SAG bey 


ey 


Section 2 
INTRODUCTION 


BACKGROUND 


The Tenmile Creek drainage has supplied the majority of the 
City of Helena's municipal water supply since the turn of 
the century. The present water supply system does not meet 
current water quality standards established by state and 
federal agencies. In order to meet those standards and to 
provide a high quality water supply for its citizens, the 
City of Helena has decided to construct a water treatment 
plant for Tenmile system water. The first step toward that 
goal was the initiation of a pilot study and preliminary 
engineering report for the proposed treatment plant. This 
document presents the preliminary engineering analyses and 
results for the treatment plant and associated systems. A 
previous document titled "Tenmile Creek Water Treatment Plant 
Pilot Study" (CH2M HILL, February 1986) presented a detailed 
description of raw water quality, pilot study equipment, 


approach, and results of the pilot tests. 

PURPOSE 
The purpose of this preliminary engineering report is to 
present analyses, designs, and cost estimates for the 
proposed water treatment plant and associated facilities. 


SCOPE 


The scope of the preliminary engineering report includes the 


following: 


fe) Preliminary selection and design of unit processes 
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fe) Preliminary layout of plant facilities 


fe) Preliminary design criteria for chemical feed 
systems 

fe) Preparation of preliminary hydraulic profile 

fe) Proposed control methods for filtration system 

fe) Description of plant instrumentation and control 
system 

O Recommended treatment for internal corrosion control 


and recommendations for a cathodic protection system 


for the 16-inch steel pipeline 

fe) Hydraulic analysis of 16-inch pipelines to determine 
the feasibility of constructing a booster pump 
station in lieu of constructing a new transmission 


pipeline 


fe) Evaluation of a floating membrane cover for the 


6-million-gallon reservoir 
fe) Costlestimates for) the proposed facilities 
fe) Present worth comparison of the proposed WTP to a 


conventional complete treatment WTP 
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Section 3 
DESIGN FLOWS 


This section of the report presents the data and rationale 
for selecting the Tenmile Creek Water Treatment Plant design 
flows. The raw data used to select the design flows were 
generated by others (Morrison-Maierle-Montgomery, April 1978; 
Morrison-Maierle-Montgomery, October 1979; Hydrometrics, 
August 1984; and Hydrometrics, January 24, 1986). An indepth 
analysis of the raw data was beyond the scope of this study. 
The City determined that a re-evaluation of the raw data 

was not necessary since they had previously been reviewed 
and agreed upon by the City and its consultants. The objec- 
tive of this section will be to present the raw data and 


show how the design flows were selected. 
WATER DEMANDS 


The projected water demands for the City of Helena through 
the year 2017 are shown in Table 3-1. The water demands 
shown do not include the Hale/Eureka System. Therefore, 
the demands shown must be provided by water from the 
proposed Tenmile Creek Water Treatment Plant (WTP) and the 


Missouri River Water Treatment Plant. 


The year 2017 water demands shown in Table 3-1 were pro- 
jected by CH2M HILL. The annual volume required was based 

on an annual water demand growth rate of 0.85 percent, the 
same rate used to project the year 2007 demand (Hvdrometrics, 
August 1984). The maximum day demand was calculated using 
the year 2007 ratio of maximum day to average day (20.1/7.2 = 
2.79) and applying it to the projected year 2017 average day 
"demand, (2.79 x 7.85 = 21.8). 


Table 3-1 
PROJECTED WATER DEMANDS® 
YEAR 1987 THROUGH YEAR 2017 
CITY OF HELENA 


Dota. Volume? Maximum Average 
Required Day Demand Day Demand 
Year (MG) (mgd) (mgd) 
1987 ON A? 17.4 G1 
2 EECA 18.0 6.4 
1997 2,416 19.4 6.6 
2007 27.033 2051 pay: 
2017 2,866° pail Te Se 
“source: “Evaluation of Water Supply Alternatives for the 
City of Helena, Montana." Hydrometrics (August 1984) 


Pexcludes the Hale/Eureka system demands 
“projected by CH2M HILL 
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Recent flow measurements made by the City's water department 
have shown that the existing 24-inch steel transmission 
pipeline was leaking up to 1.1 mgd. Since the demand 
projections shown in Table 3-1 were developed without taking 
into account this possible water loss, the projected water 
requirements are considered conservative. The year 1987 
annual demand could be less than projected by as much as 

400 MG per year. Currently, however, there is not suffi- 
cient data to predict the effects of the past leakage in 
Tenmile transmission pipelines on projected water demands. 
The water demands shown in Table 3-1 are used for planning 


purposes in this study. 


The desired design capacity of the Tenmile Creek WTP can be 
determined by subtracting the peak capacity of the Missouri 
River WTP from the projected maximum day demand, as shown in 
Table 3-2. The capacity of the Missouri River WTP (9.5 mil- 
lion gallons per day [mgd]) is as reported by Hydrometrics 
(August 1984). The year 2007 required capacity would be 
10.6 mgd, increasing to 12.3 mgd by the year 2017. 


Table 3-3 shows historical water demands for the period 
1980 through 1985 for the City of Helena, without Hale/ 
Eureka water demands. The average monthly demand, based on 
the 6 years of record, is shown for each month. Also shown 
is the average for each month in terms of a percent of the 
annual demand. The minimum month demand has averaged 

5.6 percent of the total annual demand, and the maximum 


month has averaged 14.7 percent of the total annual demand. 


Using the percentages shown in Table 3-3, the year 2007 and 
year 2017 projected total annual demands were distributed.on 
a monthly basis, as shown in Table 3-4. In the year 2007, 
the maximum month demand is projected to be 12.7 mgd, in- 
creasing to 13.8 mgd by the year 2017. During the period of 
October to April, the required water demands are projected 


tourange from 4°59 to’ 6.) mgd. 
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Table 3-2 
REQUIRED CAPACITY OF TENMILE CREEK WTP 
CITY OF HELENA 


Projected Missouri® Required 
Maximum River WTP Tenmile Creek 
Day Demand Capacity WTP Capacity 
Year (mgd) (mgd) (mgd) 
1987 sia Ge Ore5 fhe, 
L992 18.0 pana eS 
1997 19.4 925 oes, 
2007 207.0 ens 107.6 
2017 IB ome: Sees te 
Ssource: "Evaluation of Water Supply Alternatives for the 


City of Helena, Montana." Hydrometrics (August 1984) 
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Table 3-4 
PROJECTED MONTHLY WATER DEMANDS 
YEAR 2007 AND YEAR 2017 
Galene (OUR JaUThibp a Ny 


Percent 
of Year 2007 Year 2017 

Month Total (MG) (mgd) (MG) (mgd) 
January 6.4 169 eae 183 6.0 
February Dato 148 4.9 Led as 
March Sh bey 55 Dre th 169 5.6 
April 6.4 169 5. 6 133 OU 
May Oras 234 Tey PAs) 8.4 
June 1026 279 ane 304 100 
July 14.7 Crow) ae ar 421 L368 
August 14. t crt Lge 404 epee 
September 8.6 226 7.4 247 Brant 
October Cine eyed 5:6 186 Oiet 
November 6,2 163 5.4 ah Died 
December Gia 161 Dm ices 58.8 
TOTAL 100.0 Oy O53 ThA: 2,866 TQ 
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WATER SUPPLY 


The water supply for the Tenmile Creek WTP is the Tenmile 
Creek drainage above the confluence of Walker Creek and 
Tenmile Creek. Flow probability estimates for Tenmile Creek 
were developed by Hydrometrics (January 24, 1986), and are 
shown in Table 3-5. The available flow during those months 
where the actual streamflow exceeds the City of Helena's 
water rights is shown as the water rights amount of 270 MG 
per month. The data show the probability of occurrence for 
a given flow volume. For example, 80 percent of the time 
the flow available from Tenmile Creek will be 1,567 MG per 
year, and 20 percent of the time the available flow will be 
less than 1,567 MG per year. In other terms, there is a 

20 percent chance that the flow available from Tenmile Creek 


will be 1,567 MG or less in any year. 


Raw water is diverted into the Rimini pipeline at five dif- 
ferent headgates along Tenmile Creek. A complete descrip- 
tion of the Rimini pipeline and diversion structures can be 
found in a previous report (Morrison-Maierle-Montgomery, 
April 1978). The Rimini pipeline is an 18-inch concrete pipe 
designed to flow by gravity. The capacity of the pipeline 
is approximately 9 mgd (Morrison-Maierle-Montgomery, April 
1978, and Morrison-Maierle-Montgomery, October 1979). Ac- 
cording to record drawings, many sections of the Rimini 
Pipeline have a slope that is less than what is required to 
carry 9 mgd while flowing full. Therefore, several sections 


of pipe may flow under a low-head, pressure condition. 
WATER TREATMENT PLANT DESIGN FLOWS 
The year 2007 maximum day flow required from the Tenmile 


Creek WTP is projected to be 10.6 mgd, increasing to 12.3 mgd 
by the year 2017. 
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Table 3-5 
TENMILE CREEK WATER AVAILABILITY 
Al VARLOUS rt LOW PROBABILITIES 
CITY OF HELENA 


Tenmile Creek 


2007 Availability and Percent Probability® 

Demand 503 803 90% 

Month (MG) (MG) (MG) (MG) 
January 169% 0 94.6 72.4 60.8 
February 148.0 Oo leend, 6340 AZ. 
March Soro 106.2 625 557.0 
April 169.0 241.4 2240 25.5 
May 234.0 2/050 240s 0 2706-0 
June 279.0 2705.0 24040 20°20 
July So7e 0 2 OR.U 5 6e4 bio wo 
August See 145.8 Lee ie 
September AER So 141.0 94.6 laste 
October RE eS 8 13 482 84.0 66.6 
November 163.0 LO0Gh.3 81.6 69.5 
December 161.0 Oe Coe So 
TOTAL Ose v 1959.9 1 56a 23 1350.9 


“Source: Letter from Hydrometrics, January 24, 1986. 
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The capacity of the Rimini pipeline is approximately 9 mgd. 
To increase the available supply to the Tenmile Creek WTP 


site, this pipeline must be replaced with a larger one. 


An analysis of the two 16-inch transmission pipelines from 

the Tenmile settling basin to Yaw Yaw (CH2M HILL, June 1985) 
determined that with booster pumps at Yaw Yaw, the two pipe- 
lines may be capable of carrying approximately 11 mgd. Sub- 
sequent flow tests have shown the pipelines' capacity to be 
less than is calculated using reasonable friction coefficients 
(CH2M HILL, January 1986). The capacity of the two pipelines 


is currently approximately 3.7 mgd by gravity flow to Helena. 


The current water supply strategy for the City of Helena is 
to maximize the use of the Tenmile Creek WTP to reduce pump- 
ing costs at the Missouri River WTP. Table 3-6 shows the 
Tenmile Creek available flow data previously shown in Table 3-5. 
Also shown are the water requirements of a 9-mgd-capacity 
Tenmile Creek WTP assuming the plant is used to meet all 
base loads, i.e., its capacity is maximized on a year-round 
basis. In the year 2007, the required annual production 
from a 9-mgd plant would be 2,418 MG, a volume greater than 
the volume available from Tenmile Creek. The difference 
would be met by augmenting the streamflow with water stored 


in Chessman and Scott Reservoirs. 


The storage requirements for a 9-mgd-capacity Tenmile Creek 
WTP (Rimini pipeline capacity) are shown in Table 3-6 for 
the various flow probabilities. A 1.0-mgd diversion loss 
was assumed for December, January, and February, and 0.5 mgd 
for November and March. This diversion loss accounts for 
water that flows through the headgates to prevent serious 
ice problems. Fifty percent of the time, the capacity of 
Scott and Chessman Reservoirs (745 MG) should be sufficient 


to meet the needs of a 9-mgd plant (567 MG). Twenty percent 
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of the time the required storage (942 MG) will exceed the 
available storage (745 MG). The following major conclusions 


are drawn from the data shown in Table 3-6: 


Nhe In order to use the Tenmile Creek WTP as a base 
load plant, Chessman Reservoir must be returned to 


service. 


2 The existing storage capacity of Chessman and Scott 
Reservoirs (795 MG) will be sufficient to supply a 
9-mgd capacity plant 50 percent of the time. 


Bs Twenty percent of the time a 9-mgd-capacity plant 
will require more storage than is currently avail- 
able. The Missouri River WTP will be required for 
a longer period of time during years when streamflows 


are below normal. 


4, Management of the Tenmile Creek water source will 
be an important part of the City Water Department's 
duties. As the capacity of the system is reached, 
overuse of stored water in the summer could easily 
lead to insufficient storage to meet the needs of 


the system during the winter. 


Based on information in this section, the capacity of the 
Tenmile Creek WTP's initial stage should be 9 mgd. This 


conclusion is based on the following: major points: 
Ls The capacity of the Rimini pipeline is 9 mgd. 
2 Existing storage in Chessman and Scott Reservoirs 


is sufficient for a 9-mgd-capacity base load 


treatment plant. 
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3% A maximum day flow of 10 to 11 mgd should be avail- 
able from the Tenmile system. This will be accom- 
plished by using water stored in the 6-MG reservoir 
to meet the difference between the treatment plant 
production and the 10-"to ll-mgd flow to the City. 
A maximum day flow of 10 mgd could be supplied 
for up to 4 days before seriously depleting the 


reservoir's storage. 


Assuming maximum day flows beyond the year 2017 are to be 
met by increasing the capacity of the Tenmile Creek WTP, the 
facility should be expandable to at least 11 mgd, assuming a 
flow of 12.3 mgd would be available by using stored water in 
the 6-MG reservoir. However, to increase the capacity of 
the plant beyond 9 mgd will require increasing the capacity 
of both the Rimini pipeline and Tenmile to Yaw Yaw transmis- 
sion pipelines. Economics may show it as more feasible to 
obtain the additional maximum day capacity by improvements 


to the Missouri River WTP and transmission pipelines. 


Year 1997 winter demands (October through April) are pro- 
jected to be approximately 4.7.mgd, increasing to 5.6 mgd by 
thes vear z007sand 6.lemgd aby «the year 201L/.  Therefore,. the 
proposed Tenmile Creek WTP should be capable of minimum flows 


ine ches ranges Or.5 etoOeo mgd. 


A 9-mgd-capacity Tenmile Creek WTP will be capable of pro- 
viding 10 mgd for 3 to 4 days. The plant may not be capable 
of meeting the entire year 2007 projected maximum day demand 
of 10.6 mgd (see Table 3-2). It should be recognized that 

the projected maximum day demands are based on historical 
records and are considered conservative based on recent water 
loss measurements. This was discussed previously under "Water 
Demands." These projections may be low or high, since con- 


ditions in 20 years are extremely hard to predict. 
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The hydraulic capacity of water treatment plants the size of 
the Tenmile Creek WTP is generally 150 percent of the nominal 
design capacity. This oversizing allows for future expansion 
without replacement of major pipes and conduits that have 
service lives of 50 years or greater. The hydraulic capacity 
of the Tenmile Creek WTP should be 

Lo omeingcwe (eso) x Semgd)i: 


The recommended design flows for the Tenmile Creek WTP are 


shown einwerable 37. 


Table 3-7 
RECOMMENDED DESIGN FLOWS 
TENMILE CREEK WATER TREATMENT PLANT 
CITY OF HELENA 


Initial Future 
Design Flow, mgd 9 ed 
Hydraulic Capacity, mgd E30 Loto 
Minimum Flow, mgd 5 6 
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Section 4 
SELECTION OF TREATMENT PROCESSES 


This section presents background information utilized for 


selection and preliminary design of the treatment processes. 


Investigated in this section are the contact adsorption clar- 


ification process equipment, filtration system design, tri- 


halomethane control, tastes and odors control, Giardia dis- 


infection requirements, and internal corrosion treatment 


requirements. 


SUMMARY OF PILOT STUDY RECOMMENDATIONS 


The pilot study report prepared by CH2M HILL (February 1986) 


made the following recommendations for the Tenmile Creek 
Water Treatment Plant (WTP). 


Shy 


Pretreatment ahead of the filters should utilize the 
COnurecrmacCscOrpcioneclarirication (CAC) process at a 
design hydraulic loading rate of 10 gallons per minute 


per square foot (gpm/SF) of media surface area. 


Filters should be gravity filters using a 36-inch depth 
mixed-media operating at a design hydraulic loading 


rate of 5) gpm/SF. 

The primary coagulant should be cationic polymer with 
the ability to add alum or a nonionic polymer as a 
coagulant aid. 


Caustic should be used for pH adjustment. 


Cationic polymer should be added to the backwash water 


at a dosage of 10 milligrams per liter (mg/L) in order 


to reduce the time reqduarea. ror, the filter effluent 


EUrOLaLey LO stabilize. 


lee The treatment plant should have the flexibility for 
inline filtration by providing a bypass line around the 
CAC units. 


CONTACT ADSORPTION CLARIFICATION 


Contact adsorption clarification is a proprietary process 
marketed by Johnson/Microfloc under the trade names Trident, 
Tricon, and Adsorption Clarifier - the different names refer- 
ring to various types of package units manufactured by Micro- 
£ElOc. 


DESCRIPTION OF) PROCESS 


Contact adsorption clarifiers physically consist of rectan- 
gular basins with a water depth of approximately 9 feet. 

The basin contains a 4-foot depth of a coarse, buoyant plas- 
tic media. Chemically treated water enters the bottom of 
the basin, causing the buoyant media to float. The basin is 
covered with a screen to retain the media in the basin, thus 


creating a coarse, upflow filter. 


Chemically coagulated water enters the clarifier basins from 
the bottom, flows upward through the 4-foot depth of media, 
and then flows over the sides of an effluent trough above 


the media retaining screen. 


Flocculation of the coagulated water occurs as the water 
moves through the voids of the coarse media. Coagulated 
solids are removed within the media by adsorption. After 
several hours of operation the removed solids cause the head- 


loss to increase across the coarse media to the point that 
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the solids are no longer retained within the media and are’ 
being carried through to the downstream filter. When a high 
headloss or solids breakthrough occurs, the CAC media must 


be backwashed to remove the solids. 


Backwash of the CAC media involves three distinct steps. 
First, the water flow entering the CAC is shutoff and air is 
distributed to the bottom of the media through an air dis- 
tribution header. The air causes the media to become less 
buoyant, allowing the media to expand downward. The. air 
movement through the expanded media scours the solids from 
the media. After several minutes of air-only scouring, the 
raw water valve is opened and the second step in the back- 
wash cycle begins, using air scour plus upward water flow to 


remove the solids. 


The water flow carries the solids to waste. After several 
more minutes the air supply is shut off and the third step 
of the backwash starts, using coagulated water flow only to 
remove remaining solids and float the buoyant media upward 
to form a solid media mat against the retaining screen. At 
the end of the backwash (or flush) cycle the clarifier ef- 


fluent is simply directed back to the downstream filters. 
DESCRIPTION OF AVAILABLE EQUIPMENT 


The CAC process is available from Microfloc in three basic 
configurations: 1) Trident package plants, 2) Tricon pack- 
age inserts, and 3) package adsorption clarifiers. The Tri- 
con units and package adsorption clarifiers were evaluated 
in further detail for the Tenmile Creek WTP. Typical sec- 
tions for a Tricon module and a contact adsorption clarifier 
are shown on Figures 4-1 and 4-2. The later comments made 
concerning the advantages and disadvantages of the Tricon 
package inserts are generally the same for the Trident 


package plants. 
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Figure 4-2 
TYPICAL SECTION THROUGH CAC 


TENMILE CREEK WATER TREATMENT PLANT 
PRELIMINARY ENGINEERING REPORT 
CITY OF HELENA, MONTANA 


B19511.BO 


Tricon 


Tricon consists of a contact adsorption clarifier and two 
adjacent mixed-media filters, factory-assembled into a single 
module which is set into a concrete basin. A stainless steel 
wall separates the clarifier from the filters. The module 
contains all clarifier equipment as well as an integral per- 
forated pipe filter underdrain system. Figure 4-2 shows a 


typical section through a Tricon module. 


The Tricon modules are available in capacities of 3, 4, 5 

and 6 mgd. For the Tenmile Creek WTP, three 3 mgd modules 
will be required for the design flow of 9 mgd. An additional 
3-mgd module will be required for expansion to meet the fu- 


ture flow requirements of approximately 11 mgd. 


The adsorption clarifier section of a Tricon module is sized 
based on a hydraulic loading rate of 10 gpm/SF. The standard 
filter is a 30-inch depth mixed-media filter with sufficient 


media area for operation at a hydraulic loading rate of 5 gpm/SF. 


Package Contact Adsorption Clarifiers 


The CAC units can be provided separately as package adsorption 
clarifiers in prefabricated steel tanks. The units are fab- 
ricated and painted at their point of manufacture, then shipped 
AsecOMmplLcCtenunitse tO tue plant site, ready to beset and. 
connected to process piping. For a 9-mgd capacity plant, 

four CAC units will be required, each with a rated capacity 

of 2.25 mgd at a hydraulic loading rate of approximately 

10 gpm/SF. 


COMPARISON OF AVAILABLE EQUIPMENT 


Process Configurations 


A total of three Tricon modules will be required for the 
initial plant capacity. The units will be constructed side 
by side utilizing common wall construction with a pipe gal- 
lery along one end of the group of modules. There will be a 
total of three CAC units and six filters. A single building 
will house the three Tricon module basins and pipe gallery 
with a minimum 5-foot walkway around all sides of the basins. 
Approximate dimensions of the building are estimated to be 
MOmLeCeCt UY me UomiCotm (oO, cu, tL*) . 


The initial plant construction using package CAC units will 
consist of four package units and four conventional gravity 
filters in concrete basins. A common pipe header will dis- 
tribute flow to the clarifiers and another common pipe header 
will collect the clarifier effluent and feed the influent 
filter conduit. A minimum 5-foot walkway will be provided 
around all filters and CAC units. The approximate building 
dimensions will be 67 feet by 85 feet (5,695 ft?). 


Advantages 
Tricon Module System: 


ro) Prefabricated units with stainless steel walls 


between clarifier and filters will be used. 


fe) Field construction of filter internals is minimized. 
fe) Less complex concrete form work is required for 
filters. 
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fe) Tricon module system may cost less to construct. 


fe) Stainless steel walls and troughs are resistant to 


corrosion. 
fe) A smaller building is required. 


Package CAC Units - Custom Filters: 


fo) Minimal field erection is required to install CAC 
units. 
fe) Four CAC units provide more flexibility in terms 


of operation. 


fe) Custom filters will have Leopold tile underdrains, 
a more durable underdrain system than perforated 


pipe laterals. 


fe) Custom filter boxes will be deeper than the stan- 
dard Tricon module filters. Water depth over the 
custom filters will be 9.5 feet as compared to 
approximately 6 feet in the standard Tricon module 
(5.5 feet if a 36-inch depth filter is used). 


fe) Custom filters will have a common influent conduit, 
which will allow a filter aid or powdered activated 
carbon (PAC) to be added at a single point making 


dosage control simple and reliable. 


fe) The package CAC - custom filter arrangement will 
Havemtnesclexibility for inline filtration,) simply 
bypassing all coagulated raw water to the filter 
ProLUeneaCOnGudc mmol tar 1 1exibility for the 
Tricon module system will require a complex piping 


and valve arrangement. 


ST deed sae 2 \ Z : - 
eS ‘a 


_s as Y : 
An 7 


7 


s 
« eeahpal <2ks oe | 
Let oe ee ; 
da 


Rey qu bs om 
ai sey 


Custom filters will have a seal weir in the efflu- 
ent conduit to prevent dewatering the underdrain 
system and gravel support layer. This seal weir 
plus the deep filter will help prevent air prob- 
lems in the filter, especially during the cold 
water conditions encountered with Tenmile Creek 
water. Negative head conditions in the filter 
media will not be encountered under normal oper- 


ating conditions. 


The custom filters will utilize influent flow split- 
ting to control the filtration rate. As discussed 
later in this section, this method of rate control 
has several advantages over the type of rate con- 
erolsusedsror the lTricon filters. 

Improved operator access to control valves will be 
possible with the package CAC - custom filter ar- 
rangement due to more flexibility in the piping 


layout. 


CAC influent and effluent pipe headers and all 
filter conduits and piping will be designed for a 
hydraulic capacity 50 percent greater than the 
initial 9-mgd plant capacity. The filters will be 
capable of filtration rates up to 7.5 gpm/SF. 
Future technological improvements will very likely 
allow higher filtration rates with improvements in 
coagulation and filtration processes. Such future 
changes may allow an increased plant capacity with- 


out major structural additions. 


Disadvantages 


Tricon Module System: 


fe) Perforated pipe filter underdrains are not as durable 


as tile underdrains. 


fo) Shallow filter box and only 6 feet of water over 
the filter will require that negative heads be 
developed within the filter media toward the end 
of the filter run when headloss across the filter 
is greatest. This condition could lead to air 
problems in the filters under cold water condi- 


tions. 


fe) Accidental dewatering of the filter is possible 
Since the standard system cannot employ a seal 


weir system. 


fe) Since the available headloss across the filter is 
less, the filter run lengths may be shorter under 


some operating conditions. 


fe) A complicated piping and valving arrangement will 


be required to allow inline filtration. 


fe) Filter rate control for the Tricon system employ- 
ees a modulating effluent valve for constant level 
control in the filter box. This method of rate 
control has several disadvantages that will be 


discussed later in this section. 


fo) A single point for addition of filter aids or PAC 


to the filter influent is not available. 
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O All clarifier and filter piping are located along 
- one end of the Tricon module basins. Piping and 
valve arrangements are more complex than with the 
custom filter arrangement, especially with the 
addition of a filter-to-waste header and valves, a 
feature not standard with Tricon layouts. Mainte- 
nance of the control valves will be more difficult 


due) to access. 
Package CAC Units - Custom Filters: . 


fe) Concrete formwork for the custom filters will be 


more complex than for the Tricon module system. 


fe) Prela work Lor installation of filter internals is 


more complex than for the Tricon module system. 


fe) A slightly larger building area is required for 


the custom system. 


fe) Deeper excavation will be required for the custom 
filters. 
fe) Costs for the package CAC - custom filter system 


are higher than for the Tricon module system. 
(Cost comparisons are presented in Section 8 of 


this report.) 


O Coated steel tanks used for the package CAC units 


may require recoating within 15 to 20 years. 


Selected Equipment 


Based on the aforementioned advantages and disadvantages, 
CH2M HILL recommends the package CAC - custom filter config- 


uration. The primary reasons are: 


fe) Greater process flexibility is available, with the 
ability to use inline filtration. Because of the 
annual variations in raw water quality, process 


flexibility is an important consideration. 


fe) A single point will be utilized for addition of 


chemicals ahead of the filters. 


fe) Operator access to piping and control valves will 
be much improved over the probable piping arrange- 


Mentserorealyicon. 


fe) Accidental filter dewatering and air problems will 


be minimized using custom filters. 


fe) A tile block underdrain system is more durable 


than a perforated pipe lateral underdrain system. 


fo) A deeper filter box and water depth in the filters 
allows higher terminal headloss conditions without 


negative head in the filter media. 


O Constant rate influent flow splitting control sys- 
tems are less costly to construct and maintain 
compared to the constant rate level control sys- 
tems. Filter effluent quality from a constant 
rate influent flow splitting system may be better 
than the constant rate level control system util- 


ized with Tricon modules. 


fe) The custom filter system is more flexible in terms 
of future modifications to the filter media, filter 


piping, and pretreatment processes. 


Microfloc has indicated that it would be possible to provide 


Tricon modules suitable for a deeper filter box to allow 


8 feet of water depth over a 36-inch depth filter media and 
incorporating a Leopold tile underdrain system in the fil- 
ters. Also, it is possible to purchase the package CAC 
units in all-stainless steel construction, at additional 


cost, thus precluding future painting requirements. 


The Tricon module systems are designed to operate at a fil- 
tration rate of 5 gpm/SF at their rated capacity of 3 mgd 
each. Since some of the rated production must be used for 
filter backwash supply and production time is lost during 
CAC and filter backwash cycles, the actual plant raw water 
flow rate must exceed 9 mgd if 9 mgd of treated water is to 
be produced. The required maximum raw water flow rate for a 
9-mgd plant is estimated to be 9.4 mgd. The Tricon filters 
will therefore be required to operate at a filtration rate 
of 5.2 gpm/SF. The custom filters will be sized based on a 
filtration rateso1.5.0vgpm/SF. 


Estimated capital costs for a water treatment plant utiliz- 
ing both the Tricon modules and the Trident package plant 


units are presented in Section 8. 
FILTRATION 


The key features of a filtration system are 1) media, 2) load- 
ing rates, 3) rate control system, 4) underdrain system, 


5) size and number of filters, and 6) backwash system. 
MEDIA 


The evaluation of alternative filter media performed during 
the pilot study recommended a 36-inch depth mixed-media fil- 
ter. This filter media was selected for the following pri- 


mary reasons: 
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fe) Mixed-media consistently produced a lower effluent 
turbidity than did the dual- or mono-media filters. 
Filtrate turbidities were 0.1 ntu or less when 


proper coagulation was performed. 


Oo The mixed-media filter was the most resistant to 
turbidity breakthrough when subjected to sudden 


hydraulic loading rate increases and decreases. 


fe) A. 36-inch-deep mixed-media filter resulted ina 
lower filter effluent turbidity at a lower rate of 
headloss development as compared to a 30-inch-deep 


mixed-media filter. 


Preliminary criteria for the filter media are presented in 


Section! oo. 
LOADING RATES 


The results of the pilot study indicate that hydraulic load- 
ing rates of 5 to 6 gpm/SF are possible using the mixed-media 
filter. At these loading rates, filter run lengths of 24 hours 
or greater can be expected with the filters operating in 


conjunction with the CAC process. 


A hydraulic loading rate of 5 gpm/SF is recommended for de- 


sign of the Tenmile Creek WTP filters. 
RATE CONTROL SYSTEM 


Four methods of controlling the filtration rate were con- 
sidered: constant rate influent flow split, variable de- 
clining rate, constant rate with effluent control, and ad- 
justable rate effluent control. The four filtration control 


methods are discussed below (Sanks, 1979). 
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Constant Rate Infiuent Flow Split. This method is 
characterized by a constant flow rate throughout 


the filter cycle (assuming total plant flow through- 
out the filter cycle remains constant) and equal 

loading on all operating filters. This is achieved 
by weirs located at the inlet of each ii ter wich 
provide an equal flow split of all filters in oper- 


ation. 


During the filtration cycle, flow cascades over 

the influent weir into the washgullet of each fil- 
ter, and through the backwash troughs in each fil- 
ter bay. During the initial period of the fil- 
tration cycle, when the filter media is clean, a 
relatively small driving force is required to pass 
a given flow rate, and the water level in the fil- 
ters is low. As the media clogs with solids, the 
water level rises to provide the necessary head to 
allow the filter to maintain its proportion of the 
flow. This continues until either a high water 
level is reached or solids breakthrough occurs. 
When either of these conditions occurs, backwash 

is initiated. The water levels in the filters are 
independent of each other and reflect the media 
condition within each filter. In order to prevent . 
dewatering of the filter bed while the bed is clean, 
either an effluent weir at an elevation above the 
top of the media or an effluent level control valve 


is required. 
Advantages of this filter control method are: 
a. Effluent rate of flow controllers are not 


required. The effluent control valves need 


only open and close, not modulate, except 
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when an effluent level control valve is used 
to maintain a minimum water level in the fil- 
ter bed. 


Changes in plant flow rate produce a gradual 
rise in water level in the filters, which in 
turn provides a gradual transition to the new 
flow rate, so that a sudden deterioration in 
effluent quality is less likely to occur. 
Also, effluent quality deterioration from 
control valve oscillations is not a concern, 
except possibly at the beginning of the fil- 
ter run if effluent valves are used to main- 


tain water level. 


The headloss build-up in the filter media can 
be determined by visual inspection of the 


water level in the filter. 


Filter effluent flowmeters are not required 
since the flow to each filter is simply the 
total flow divided by the number of filters 


in service. 


Disadvantages of this control method are: 


The cascade action over the influent weir may 
damage carry-over floc and may add entrained 


ALi 


Whenever a single filter is taken offline for 
backwashing, the load on the remaining in- 
service filters is immediately increased. In 
a filtration system with. four filters, when 
one filter is taken offline, the flow to each 
of the remaining three filters increases by a 
third. | 


ct The filter box depth required is greater than 
if variable declining rate is used because 
the maximum head required for the latter at 
the end of a filter run is less due to a de- 
crease in the flow through the filter (dis- 


cussed further below). 


Var bauteeDecouming hate a) int this: filter control 
method, the water level in all the filters is kept 


the same by having submerged influent openings. 

No flow control valves are used. At any given 
time each filter is at a different stage in the 
filtration cycle, ranging from clean to clogged. 
Since the water level in all filters is the same, 
output will vary from filter to filter and will be 
directly proportional to media cleanliness, i.e., 


the cleaner filters will produce the greater amount 


of water. As the filter beds clog, the water level 


in all filters gradually rises. When an high water 
level is reached, or when solids breakthrough oc- 
curs, the filter that has been in service longest 


is backwashed. 


Backwashing on a filter causes a rise in water in 
the remaining filters as they compensate for the 
loss in production of the filter being backwashed. 
When backwash is completed and the filter is placed 
back in operation, the water level in all of the 
filters will drop below the level attained just 
prior to backwashing. The filter just returned to 
service will then produce the greatest output, and 


the cycle is repeated. 


The literature suggests that the filtration rate 
for a filter just prior to being backwashed, and 


for a filter just returned to service after having 
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been backwashed, ranges from 50 percent to 150 per- 
cent of the average flow rate. An effluent flow 
meter and flow control valve or a restriction in 
the effluent line may be used to limit the flow 
through the filter at the beginning of a filter 


ig bhelc 


As in the constant-rate/influent flow split control 
method, an effluent weir located above the media 
surface or an effluent level control valve is re- 
quired to prevent the media from dewatering. This 


eliminates the possibility of air binding. 
Advantages of this filter control method are: 


a. Effluent flow rate controllers are not required. 
The effluent control valve need only open and 
close, not modulate, unless it is used to 
maintain a minimum water level in the filter 
bed or to control the flowrate at the begin- 


Ningwotithemrilter run. 


De The rate through a filter declines throughout 
its run, as does the headloss through the 
underdrain and effluent piping; this increases 
the headloss available to the media and results 
in longer filter runs; or for the same filter 
run length, less available head (and therefore 
a shallower filter box) is required than for 


constant rate filters. 


er Research has shown that, if flow through the 
filter declines with increased headloss, the 
effluent quality improves. Thus a better 
effluent quality is attainable than with con- 


stant rate control methods. 
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The increase in flow to a filter, when another 
filter is taken offline for backwashing, is 
minimal since the flow going through the dirty 
filter prior to backwashing is less than the 
average filtration rate. Research has shown 
that a quick change in flow through a filter 


can cause a degradation in effluent quality. 


Past studies have shown that the net water 
production rate is greater for a system with 
declining rate filtration than for the other 


control methods presented. 


Disadvantages of this control method are: 


ae 


A restriction (e.g., an orifice plate or smaller 


effluent piping) or a flow control valve and 
meter must be added to each filter effluent 
discharge to ensure that the maximum flow 
rate through a clean filter does not exceed 
an established maximum. The restriction will 
also function during lower flows on a dirtier 
bed, thus reducing the potential production 
throughout a filter run. However, the head- 
loss through the restriction decreases with 


flowrate. 


At the beginning of a filter run there is 
often a short peaking period for effluent 
turbidity. The high initial flow rates in 
filters controlled by declining rate filtra- 
tion would intensify this problem. Remedies 
for dealing with the problem include using a 
control valve to reduce the initial flow 
through the filter and/or wasting or re- 
cycling the filtered water during this per- 
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Constant Rate with Effluent Control. This method main- 
tains a constant flow rate through each filter by main- 
taining a constant pressure drop across the filtration 
system. The filtration rate is the same for all the 
filters in use. The filtration rate is held constant 
by using a throttling valve in the filter effluent 
line. The throttling valve is controlled by an efflu- 
ent flow meter or by a water level detector in the fil- 
ter box. At the beginning of the filtration cycle when 
the media is clean, the throttling valve is nearly 
closed to limit the flow through the filter. At the 
end of the filtration cycle when the headloss across 
the filter media is high, the throttling valve is near- 


ly open to maintain the desired flow rate. 


As with the other methods, an effluent weir located 
above the media surface or level control valve can be 


used to prevent the media from dewatering. 
Advantages of this filter control method are: 


fo) Monitoring the performance of each filter is 
easier since flow meters continuously record 
the flow through each filter. 


Disadvantages of this filter control method are: 


a. The flow through a filter changes suddenly 
when another filter is taken offline for 
backwashing. Sudden changes in the flow 
through a filter have been known to deterio- 


rate the effluent water quality. 


Ds Higher capital and maintenance costs are as- 
sociated with the relatively complex rate 


control system. 


4. 


c. . The modulating action of some valve control- 
lers can be uneven, resulting in nearly in- 
stantaneous flow surges to the bed. These 
surges can result in degradation of filter 


effluent quality. 


Adjustable Rate Effluent Flow Control. The flow rate 
is maintained for each filter on an individual basis 


using the effluent control valves in a modulating mode. 
The valvejis controlled by the plant control computer 
in a closed loop with the filter flowmeter; the control 
strategy is highly flexible and can be based on any 
combination of effluent turbidity, filter headloss, 
filter flow rate, and elapsed time. The flexibility 
will allow the filter to be operated in constant rate 
mode, declining rate mode, or even an increasing rate 
mode. Initiation of backwashes can be based on either 


headloss or effluent turbidity. 


As with the other methods, an effluent weir located 
above the media surface or effluent level control valve 


can be used to prevent the media from dewatering. 
Advantages of this filter control method are: 


Bis The modulating control valves can be used to 
gradually transfer the load from a filter 
about to be taken out of service to the re- 
maining filters, thereby not shocking the 


system. 


Dre The flexibility of this system will allow 
optimization of the control strategy. This 
method offers the opportunity for achieving 


maximum production and filter run times. 
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Disadvantages of this control method are: 


as The modulating action of some valve control- 
lers can be uneven, resulting in nearly in- 


stantaneous flow surges to the bed. 


De A more complex instrumentation system is re- 


quired to modulate the control valves. 
Recommendations 


The recommended filtration control systems is constant rate 
influent flow split. Constant rate with effluent control 
and adjustable rate effluent control are not recommended 
primarily because of the high capital and maintenance costs 
associated with the relatively complex rate-control systems 


(valves, meters, and controls). 


Constant rate influent flow split control system have rela- 
tively low costs and are relatively simple systems. Efflu- 
ent level control valves will be used to prevent dewatering 
of the media bed. Loss-of-head gauges will also be provided 
to monitor the performance of the filter beds. Provisions 
for adding effluent flow meters in the future will also be 


made. 
UNDERDRAIN SYSTEM 


A Leopold block tile underdrain system is recommended for 
the mixed-media filters. These underdrains are reliable and 
durable; they have provided many years of service in plants 


around the world. 
SIZE AND NUMBER OF FILTERS 


The selection of the number and size of filters was based on 


the following considerations: 
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fe) The filter size must accommodate the desired fil- 


tration rate. 


fe) The backwash water volume required increases with 


Etiter size. 


fe) The number of filters should be chosen such that 
when one filter is taken offline for backwashing 
or maintenance, the increase in flow to the other 


filters is not excessive. 


fe) Future expansion should be considered when select- 
ing an initial filter size so that the ultimate 


number of filters will not be excessive. 


fe) The filter must be deep enough to accommodate the 
underdrain, media, and water depth required for 


Litera control,. 


The maximum desired filtration rate is 5 gpm/SF. A 9-mgd 
plant will require a raw water influent flow rate of 9.4 mgd. 
The total area required so that the loading rate will be 

5 gpm/SF with all filters operating is 1,300 SF. A minimum 
of four filters are recommended to limit the increase in 
flow rate to one-third (6.7 gpm/SF) when one filter is taken 


out of service for backwashing. 


Initially four 325-SF filters will be provided for the 9 mgd 
WTP. The addition of one filter will be required to increase 
the plant capacity to 11.3 mgd, the year 2017 peak capacity 
requirement assuming plant storage can provide an additional 


one mgd for 3 to 4 days. 


The filter dimensions will be 13 by 25 feet with a 17-foot- 
deep filter box. This provides a 2.5-foot freeboard. The 


proposed filter layout is given in Section 5. 
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BACKWASH SYSTEM 


Filters are backwashed to restore their capacity when the 

effluent quality exceeds the water quality goals or when the 
headloss across the filtration system becomes excessive. , 
The two primary backwash system considerations are the meth- 


od of backwashing and the source of the backwash water. 
Backwash Method 


A primary consideration in selecting a backwash method for 
the Tenmile Creek WTP is that the solids loading onto the 
filters may be high when the inline filtration is used. 
Also, cationic polymers will make the floc adhere more 
tightly to the filter media thus requiring good scouring 
action during backwashing. The backwashing alternatives 
applicable to mixed-media, high-rate filtration include 
water backwash with auxiliary surface wash and water 


backwash with auxiliary air scour. 


Water Backwash with Auxiliary Surface Wash. Surface wash 
breaks up and helps clean the top few inches of the media 


where most of the accumulation of solids tends to occur. A 
surface wash system consists of providing high velocity water 
jets 1 to 3 inches above the level of the unexpanded bed. 
Surface wash rates are typically 0.5 to 1.0 gpm/SF at 45 to 
75 pounds per square inch (psi). The surface wash mechan- 
isms can be either fixed-mount or rotating arms of various 
configurations. After surface washing, the media is back- 
washed to expand the media by about 25 to 30 percent. Sur- 
face wash systems are extensively used with generally favor- 
able performance. The system's favorable performance, how- 
ever, is contingent on adequate maintenance of the surface 


wash system. 
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Water Backwash with Auxiliary Air Scour. Backwashing with 


auxiliary air scour requires a different backwash sequence 
than is otherwise used. Initially the water level in the 
filter box will be lowered to within a couple inches of the 
media. Air will then be delivered to the air distribution 
system under the filter at a controlled rate of about 3 to 5 
standard cubic feet per minute per square foot (scfm/SF). 
This air scour will continue for about 2 minutes. Next, air 
and water at about 5 gpm/SF will be applied at the same 
time. The air/water scour will continue for approximately 

6 minutes until the water level is within 3 inches of the 
bottom of the backwash trough. Then the air will be turned 
off to avoid loss of media and the washwater rate increased 
to about 15 to 20 gpm/SF (the actual rate depends on the 
water temperature) so that 25 to 30 percent bed expansion is 
achieved. This backwash rate will be maintained for about 6 
to 8 minutes. Then the backwash water rate will be grad- 


ually decreased. 


Air scour provides additional scouring action for the whole 
bed. Recent research (theoretical and full-scale applica- 
tion) indicates that air scour is a much more effective way 
to achieve bed agitation and interparticle contacts. Good 
results are being obtained in both Europe and the U.S. with 


air scour. 
Recommendation 


We recommend water backwash with auxiliary surface wash as 
the method of backwash. Although the air scour system has 
been applied with apparent success to mixed-media filters, 
this method of backwash has a greater potential for dis- 
ruption of the fine sand and high-density gravel layers 
found in mixed-media filters. The water-air backwash system 
and control procedures are also much more complex than the 
water only system and is not recommended for a plant of the 


size being considered. 
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Backwash Source 


The existing 6-MG settling pond will be covered to create a 
treated water storage reservoir and clearwell for backwash 
water supply. Water will flow by gravity to the pump clear- 
well within the treatment plant building. Backwash pumps 
will supply the water for filter backwashing. Surface wash 


pumps will supply water to the surface wash system. 
TRIHALOMETHANES 
GENERAL 


Information presented in the pilot study report (CH2M HILL, 
February 1986) indicated that Tenmile system water has a 
high potential for formation of trihalomethanes when chlo- 
rine is added for disinfection. During the pilot study it 
was shown that proper coagulation and filtration could re- 
duce the 7-day total trihalomethane formation potential by 
approximately 60 percent. Therefore, in order to meet the 
current interim standard that requires the maximum contami- 
nant level (MCL) of 100 micrograms per liter (ug/L) for 
total trihalomethanes (THM) not be exceeded, it is recom- 
mended that chlorine be added only after filtration and at 
the minimum dosage required for proper disinfection and 


maintenance of a chlorine residual. 
FUTURE STANDARDS 


The current MCL for total THM is an "interim" standard, 

which means that the Environmental Protection Agency will 
soon be reviewing it again in the near future. All indica- 
tions are that the THM regulations are going to be much lower 
in the future than the current MCL of 100 ug/L. Anticipated 
values for the total THM MCL are 20 to 50 ug/L. These are 


only best "estimates" at this time. 


a 7 ite s 


ony | d feat vi 

7 bie’ ! Y et i ' — ' 7 

aw Ne ; os Ms Le 

t Vb te $elda i Bodies ey Huts 

‘oltnas? ¢, seokbars oon 

‘ f spol eniwg 3a . at “92 ia 7h 


r cj ph eet Vi 


to ’ . 4 7 + can Laat eth fs cate woh 
« ee . + 225) Sale isin’ at oe 
al : ek 4 re | ate 5 »s enw: ies 


ani Suast JA. we fa eich bs uy 


ie he i er Ba 
uty peed + 


ion ; + 


a | 
' 


In order for the City of Helena to meet a total THM MCL of 
20 to 50 ug/L, the installation of granular activated carbon 


or a change in disinfection practices may be required. 
RECOMMENDATIONS 


The initial 9-mgd Tenmile Creek WTP will require the addition 
of a predisinfectant to the plant influent to control bio- 
logical growths within the plant basins and to kill algae 
(from Chessman Reservoir) in the raw water prior to coagu- 
lation. Because the addition of chlorine is not recommended 
because of the potential for THM formation, an alternative 
oxidant must be used that does not react with organics to 
LOLrmMelHMe 


Ozone and chlorine dioxide were considered as possible oxi- 
dants. During the pilot study phase, Tenmile raw water 
samples were evaluated using bench-scale tests to determine 
if ozone treatment followed by coagulation and filtration 
would decrease the potential for THM production. The re- 
sults of the limited testing were inconclusive, but it was 
generally found that ozone treatment could increase the 
potential for THM formation in Tenmile water. Considering 
ozone's potential to actually increase THM production and 
the significant capital costs associated with its install- 


ation, ozone treatment is not recommended. 


Chlorine dioxide is recommended for use as a predisinfectant 
at the Tenmile Creek WTP. Chlorine dioxide is a very strong 
oxidant which does not react with organics to form THM. It 
is generated at the plant by combining chlorine gas and liq- 
uid sodium chlorite. The onsite generators for chlorine 
dioxide are generally reliable and are no more dangerous 


than commonly used chlorinators. 
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Chlorine dioxide generators must be very efficient in order 
to limit the formation of unwanted byproducts such as chlor- 
ite and chlorate. A generator with a proven efficiency of 
95 percent or better will be utilized. Dosage rates will 
normally be 1.0 mg/L or less. Current EPA standards limits 
the concentration of chlorine dioxide plus chlorite plus 


chlorate to less than 1.0 mg/L in the distribution system. 


If future regulations reduce the MCL for total THM, it may 
be necessary to discontinue the use of chlorine as a disin- 
fectant or convert to the use of chloramines for disinfection. 
The Tenmile Creek WTP will have sufficient space for addi- 
tion of a future chlorine dioxide generator if future THM 
regulations require a change in disinfection practices. A 
similar change in disinfectants will also be required at the 


Missouri River WTP. 
TASTES AND ODORS 


Tastes and odors in Tenmile system water are the result of 
reservoir turnover and algae in Chessman Reservoir. It is 
usually more economical to manage the reservoir so that taste 
and odor problems are prevented, rather than add expensive 
chemicals at the WTP to control tastes and odors. It is 
recommended that the outlet structure at Chessman Reservoir 
be reconstructed to allow variable depth draw-off. Once the 
reservoir is put back into service, a management study should 
be performed to determine ways of preventing excessive algae 
growths and reservoir turnover, thus reducing the potential 


for tastes and odors. 


ThesTenmilesCreek WIP will be equipped with, facilities, to. , 
store and feed powdered activated carbon for taste and odor 
control. Minor tastes and odors may be adequately controlled 
by the addition of chlorine dioxide to the plant influent. 


If tastes and odors become severe, a remote facility at the 
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Beaver Creek intake will be used to add potassium permangan- 
ate (Chessman Reservoir water is discharged to Beaver Creek 
and diverted into the raw water supply pipeline at the Beaver 
Creek intake). Contact time will be provided in the raw 


water supply pipeline. 
GIARDIA DISINFECTION 
DISINFECTION - GENERAL 


Disinfection is used to inactivate pathogenic organisms that 
may be present in water. Inactivation occurs when a suffi- 
cient concentration of a disinfectant contacts an organism 
for a sufficient period of time. The following paragraphs 


discuss the parameters that affect disinfection. 


DISINFECTION PARAMETERS 


The effectiveness of a disinfection system depends on several 
parameters, the most important being disinfectant type, dis- 
infectant concentration, contact time, temperature, and pH. 

' The most common method of comparing disinfectants, or compar- 
ing the same disinfectant for varying water characteristics, 
is to determine the CT value for a percent reduction in a 
given organism concentration. The CT is the concentration 

of the disinfectant (C) in milligrams per liter (mg/L) times 
the contact or detention time (T) in minutes (mg/L-min). 

The disinfection results are usually compared for a 99 to 
99.9 percent reduction in a given organism concentration, 
Such ase ae recuction in coliforms»or)Giardiai’cysts.. Also, 

the water conditions, such as pH and temperature, that af- 
fect the disinfection rate should be specified. For example: 
A Giardia cyst chlorine disinfection CT of 50 mg/L-min, 15°C, 
pH 8, indicates that any combination of contact time multi- 
plied by the chlorine concentration that equals 50 mg/L-min 
will destroy 99.9 percent of the Giardia cysts. This could 
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be one mg/L chlorine at'50 minutes, 2 mg/L chlorine at 25 min- 
utes, or any other time-concentration product that equals 
pO=) Cie values forsGrardia Inactivation by chlorine are’ pre- 


sented later in this section. 


CT values are used as the basis for designing disinfection 
systems. They provide the process limits for contact time 
and disinfectant concentrations required for a particular 
system. Once a system's treated water characteristics of 
temperature, pH, and flow are defined, CT values will indi- 
cate the size of contact vessel and strength of disinfectant 


required for proper disinfection. 
DISINFECTANT CONTROL 


Disinfectant control is necessary to assure proper disin- 
fection, to prevent regrowth of organisms and slime in the 
distribution system, to prevent excess use of the disinfec- 
tant, and to provide adequate exposure to the disinfectant. 
It is important that verification of proper disinfection has 
occurred and that regrowth and slime do not develop in the 


water distribution system. 


Disinfection verification is achieved by measuring the bac- 
teria concentration and disinfectant residual in the distri- 
bution system. Generally, a chlorine residual of 0.5 to 

1.0 mg/L is maintained throughout the water distribution 
system. Primary drinking water regulations require a con- 
centration of less than one coliform bacteria per 100 milli- 
liters of water, computed as the arithmetic mean of all monthly 
samples. It is the goal of the water department to provide 


water with no coliform bacteria in any sample. 
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* CHLORINE CT VALUES 


The most recent data available on Giardia inactivation with 
chlorine is being developed by Dr. Charles P. Hibler at Color- 
ado State University. Table 4-1 presents Dr. Hibler's latest 
CT values. To date, only CT values for pH 7 have been de- 
veloped. Consequently, it is necessary to extrapolate from 


these values to obtain other pH values and temperatures. 


Table 4-1 
CHLORINE CT VALUES FOR 99.9 PERCENT 
GIARDIA INACTIVATION AT 7 pH 
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Table 4-2 presents CT values developed by Jarroll, Bingham, 
and Meyer (Applied Environmental Microbiology 41:483-487) 
and extrapolated values to 0°C. This table and the extrapo- 
lation were developed by Dr. John C. Hoff of the EPA. Be- 
cause the values below 5°C are extrapolated, Dr. Hibler's 
data (Table 4-1) is considered more accurate for the colder 


temperatures. 


Table 4-2 
CHLORINE CT VALUES FOR 99 PERCENT 
GIARDIA INACTIVATION? 


H 6 H 7 H 8 
Temperature (CT) Temperature (CT) Temperature (CT) 


(EC) (mg/L-min) (ZC) (mg/L-min) (2G) (mg/L-min) 
25 <15 25 <15 25 <15 

15 25 15 35 15 50 

5 8 5 10 5 150 

0 Be 0 oe 0 225° 


@Jarroll, Bingham, and Meyer; extrapolated values by Hoff 
Dorp values extrapolated from 15°C and 5°C data 


Table 4-3 presents a combination of the data from Tables 4-1 
and 4-2. Data below 5°C for pH 6 and pH 8 are extrapolated 
from Dr. Hibler's data. Although these values may not be as 
accurate as desired, they are reasonable based on existing 


information. 


Table 4-3 
CHLORINE CT VALUES FOR 99.9 PERCENT 
GIARDIA INACTIVATION 


pH 6 lel pH 8 

Temperature (CT) Temperature (CT) Temperature (CT) 
(oC) (mg/L-min) (ce (mg/L-min) Kio) (mg/L-min) 

25 <15 25 <1'5 25 <15 

15 255, 15 35 15 50,, 

5 144, i) 180 i) 270, 

Phas) 233), eo 280 PASS) 420), 

0.5 275 ORS 320 0.5 480 


“This data is a combination of values developed by Dr. Charles P. Hibler and Harroll, 
Bingham, and Meyer 


Dor values extrapolated from pH 7 data to pH 6 and pH 8 
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DESIGN CRITERIA 


The data presented in Tables 4-1, 4-2, and 4-3 are all basic- 
ally correct. The major difference is in the degree of Giardia 
inactivation, 99.9 percent in Tables 4-1 and 4-3 and 99 per- 
cent in Table 4-2. 


If the Tenmile system water were not first receiving coagu- 
lation and filtration treatment, CH2M HILL would recommend 
using the CT values in Table 4-3 for design. However, since 
treatment will be provided, the values shown in Table 4-2 
for 99 percent inactivation are recommended. These rec- 
ommendations are consistent with the requirements of states 
such as Colorado where Giardia contamination has been a 


long-standing problem. 


Based on the data collected during the pilot study, the CT 
values for design should be based on a pH of 7 and temper- 
ature of 6.0°C in the summer, and a pH of 6.5 and temperature 
of 2.0°C in the winter. A CT value of 100 should be used 

for summer conditions and approximately 140 for winter con- 
ditions. These values assume no pH adjustment of the treat- 


ed water. 
CONTACT BASIN VOLUME 


The existing 6-MG settling basin will be converted to a treat- 
ed water storage reservoir and clearwell. A flexible baffle 
wall running down the center of the reservoir will be install- 


ed to improve detention time in the reservoir. 


The two 16-inch transmission pipelines also provide contact 
volume for disinfection. These two pipes provide 570,000 gal- 
lons of contact volume. The 24-inch and 33-inch transmission 
pipelines (see Section 7) will provide 1,000,000 gallons of 


contact volume. 
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Assuming a peak summer flow of 11 mgd and an average chlo- 
rine residual of 1.0 mg/L, the required contact volume will 
be 764,000 gallons. During the winter, a peak daily flow of 
7 mgd and an average chlorine residual of 1.0 mg/L will re- 


quire a contact volume of 681,000 gallons. 


Therefore, the 6-MG treated water storage reservoir and 
transmission pipelines will provide sufficient contact time 


for all disinfection needs. 
INTERNAL CORROSION 


Tenmile Creek water is corrosive. Its characteristics are 
low pH, low alkalinity, low calcium, and moderately high 
sulfates. Common treatment practices to control internal 
corrosion include pH adjustment or the addition of a cor- 
rosion inhibitor such as zinc orthophosphate or polyphos- 


phate. 


pH ADJUSTMENT 


Generally, pH adjustment is made to promote the deposition 
of a calcium carbonate (Caco) scale on the pipe surface, 
which will protect the metal surface from corrosion or the 


cement mortar lining from dissolving. 


Lime, soda ash, or sodium hydroxide are commonly used to 
a0 gj UsomcneepherLorecOrrositonecontrol.. In order) for Caco, 
films to be produced, Merrill (Sanks, 1979) recommends the 


following conditions: 


ie The water should be oversaturated with respect to 
Caco... The oversaturation should place the theo- 
retical precipitation potential in the range 4 to 


10 mg/L. 
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2°, Calcium and alkalinity values should each be at 
least 40 mg/L as CaCO3, and more if economically 
feasible. They should be present in approximately 


equal concentrations. 


Bk The ratio (alkalinity/chlorides + sulfates) should 
be at least 5/1 (where all concentrations are ex- 


pressed as Caco,). 
4, pH values should be in the range 6.8 to 7.3. 


Because Tenmile system water is low in calcium, lime will be 
required to meet the first two criteria. The approximate 
dosage requirements will be 20 to 25 mg/L as Ca(OH) .. This 
Add set Oneal eI meuwWwilleresuuts int a pHtoie9.6eto 10.4 units. 
At these high pH values, the potential. for Mg (OH) , deposi- 
tion in hot water heaters becomes much greater. At a lime 
dosage of 25 mg/L, the ratio (alkalinity/chlorides + sul- 
fates) is only 1.7 to 1, much less than the 5 to 1 recom- 
mended by Merrill. The addition of soda ash or caustic will 


not promote scale deposition for Tenmile system water. 
CORROSION INHIBITORS 


Corrosion inhibitors such as zinc orthophosphate have been 
used successfully in a variety of waters. Their major dis- 
advantages are chemical cost and the fact that they do not 
adequately protect lines where the water velocities are low. 
Since one of the prime objectives of treating Tenmile system 
water for corrosion control is the protection of the older 
transmission pipeline, and the velocities in these pipelines 
are usually relatively high, corrosion inhibitors may be 


effective. 
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RECOMMENDATION 


Based on current water quality information for Tenmile sys- 
tem water, zinc orthophosphate should be considered for treat- 
ment to prevent internal corrosion of transmission pipelines. 
For preliminary design purposes, a zinc orthophosphate dosage 


rate of 2 mg/L will be assumed. 


During the design phase a pilot program should be conducted 
to test the effectiveness of zinc orthophosphate treatment. 
Test racks and coupons should be installed in the trans- 
mission pipelines before and after the point of chemical 
application and within the distribution system pipelines. 
The coupons should be monitored on a 30- to 60-day period 
for dosage rates and treatment effectiveness. Based on the 
actual field pilot testing, the final system design could be 


converted to another type of treatment if required. 
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Section 5 
PRELIMINARY DESIGN 


This section presents preliminary design information for use 


during the design of the Tenmile Creek Water Treatment Plant. 
WATER TREATMENT PLANT PROCESS FLOW DIAGRAM 


The process flow diagram for the Tenmile Creek Water Treat- 
ment Plant is shown in Figure 5-1. Raw water will flow by 
gravity to the plant where it will enter an overflow box 

then proceed to the static screens and headbox. Debris in 
the raw water will be removed by the screens. Coarse grit 


will settle in the basin ahead of the screens. 


Water leaving the headbox will flow to the inline rapid-mix 
unit where chemicals will be added. The flow will proceed 

to the contact adsorption clarifiers (CAC) where flocculation 
and solids removal will occur within the coarse media. Waste 
backwash water from the flushing of the CAC units will go to 


the waste washwater surge basin. 


The next treatment step following the CAC units will be 
filtration using gravity mixed-media filters. The effluent 
from the filters will flow to a common effluent conduit, 
then to a pump clearwell for backwash and surface wash pump 
supply, and then to the treated water storage reservoir. 
Water from the storage reservoir will flow to the city 


distribution system. 


Waste washwater from the filters will flow to a washwater 
surge basin. Washwater will be pumped from the surge basin 
to the waste washwater recovery basin for separation of the 


washwater solids. Washwater decant water will. be pumped to 
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the plant influent and the solids (sludge) will flow by 
gravity to the sludge lagoons. 


In the sludge lagoons, the sludge will be allowed to settle, 
and the decant from the lagoons will be returned to the 
washwater recovery basin. Sludge solids will be dried then 


removed for disposal in a landfill. 
HYDRAULIC PROFILE 


A preliminary hydraulic profile for the Tenmile Creek WTP at 
the peak hydraulic flow rate of 13.5 mgd is shown in 

Figure 5-2. Flow through the plant will be completely by 
gravity. A total of 27 feet of head will be required for 
gravity flow at the peak capacity. 


DESIGN CRITERIA 


The preliminary design criteria for the various processes 
proposed for the Tenmile Creek WTP are given in Table 5-l. 
The design criteria are given for the 9-mgd WTP initially 


proposed and for the 11.25-mgd future WTP. 


The primary process piping is proposed to be sized for 
13.5 mgd, a hydraulic capacity 50 percent greater than the 
Inlevasee-Mogvcavacity., (his, extra hydraulic capacity can 
be provided at a small incremental cost and will minimize 


the cost of a future expansion. 
PLANT LAYOUT 


The proposed plant layout is shown on Figure 5-3. The site 
proposed for the plant is near the existing settling basin, 
east of Tenmile Creek. This site offers several advantages 


for the proposed treatment plant. 
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fe) Influent and effluent pipelines do not cross 


Tenmile Creek. 


fo) Influent and effluent pipeline lengths are reduced 
as compared to siting the plant west of Tenmile 


Creek. 


fe) Since the treated water storage reservoir will act 
as the clearwell for backwash water and plant water 
supply, locating the plant close to the reservoir 
eliminates a remote pump station and allows the 
plant effluent pipe to supply backwash water to 
the plant. 


fe) The depth to bedrock appears greater for this site 
as compared to the site west of Tenmile Creek. No 
test holes have been drilled at this site to CH2M 
HILL's knowledge. However, the bottom of the 
settling basin is at Elevation 4413.5 and the 
bottom of the depression west of the proposed 
plant is at Elevation 4418. Also, the City's well 
near the proposed plant site is reported to be a 


dug well approximately 60 feet deep. 
fe) The treatment plant buildings and sludge lagoons 
are less conspicuous to motorists on the main 


highway. 


The disadvantages to this site are: 


fe) A new bridge across Tenmile Creek will probably be 
required. 
fe) The site has less room for future expansion beyond 


the 30-year projection used to size the future 


facilities, (1).25 mga capacity). 


B=g 


The proposed plant layout includes a combined plant building 
that includes four separate areas: 1) overflow box and static 
screens/headbox area, 2) CAC - filter area, 3) chemical feed 
and storage area, and 4) operations area. Inside the building, 
each area will be separated to facilitate control of the 


heating and ventilation system within each of those areas. 


All chemical feed lines, with the exception of those required 
to add chemicals to the treated water storage reservoir 
effluent, will be located in the building, easily accessible 
by the operators. Because all major process areas are within 
a single building, the operators will have convenient access 
to the process units, without exposure to the weather. The 
single building concept will reduce yard piping and 


electrical/instrumentation conduit runs. 


The treatment plant building will be oriented so that 
visitors coming to the plant site will first see the opera- 
tions portion of the building. Appropriate architectural 
treatment of this portion of the building will give the over- 
all plant building an aesthetically pleasing look. Chemical 
deliveries will be primarily along the south side of the 
building, with a loading dock for dry chemicals at the 


southwest corner. 


Access to the backwash pumps will be provided on the east 
side of the building, and access to the pipe gallery will be 


provided on the north side. 


The waste-washwater surge basin and waste washwater recovery 
basins will be located east of the main plant building. A 
small building on top of the surge basin will house the wash- 
water pumps. The recovery basins will be covered with a 


building since they must operate on a year-round basis. 


2 LO 
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Excavation depths will be kept to a minimum because of the 
potential for encountering rock. The deepest portion of the 
CAC-filter complex, the filter effluent conduit, will require 
an excavation approximately 8 feet deep. The pump clearwell 
excavation will be approximately 14 feet deep, but it is not 

a large excavation. The washwater surge basin will require 

an excavation approximately 14 feet deep. A soils investiga- 
tion during the design phase will be required to determine 

the depth to groundwater and rock at this site. The prelimi- 
nary design does assume an underdrain system around the deeper 


units, draining east to daylight by gravity. 


Sludge lagoons will be located east of the plant site. This 
layout will allow gravity flow of the sludge to the lagoons. 
The lagoons will be well shielded from view by offsite 


motorists, thus keeping the area aesthetically pleasing. 


Overflow from the filter influent conduit and washwater 
surge basin will go to the depression just west of the plant 
(originally a settling pond), thus eliminating the overflow 
of coagulated water to Tenmile Creek. Overflow water will 
then drain by gravity to the sludge lagoons where it can be 


returned to the plant via the lagoon decant pumps. 
INFLUENT PIPELINE 


The existing 18-inch concrete raw water pipeline (Rimini 
pipeline) will be replaced with a new 30-inch pipeline from 
the WTP to approximately 2,000 feet upstream of the existing 
settling basin. Approximately 1,760 feet of new 30-inch 
pipeline will be required. An overflow box will be con- 
structed at the WTP just upstream of the plant influent 
control valve and static screen box. The overflow box will 
be housed within the headbox room of the treatment plant to 
prevent freezing problems. Overflow will be piped back to 


Tenmile Creek. 
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INFLUENT FLOW CONTROL 


Metering of the plant influent will be provided by a 30-inch 
electronic propeller-type flow meter. The meter will be 


Suitablewror aestow range: of 127.to’ 17 mgd: 


Flow to the treatment plant will be controlled by a throttling 
valve downstream of the flow meter. A signal from the flow 
meter will modulate the valve and control the plant influent 
flow. Because of downstream flow controllers on the CAC 
units, it will be necessary to maintain a constant water 


level in the headbox after the static screens. 


A water level sensor in the headbox will modulate the influent 
control valve in order to maintain a constant head. As the 
influent valve closes, excess supply pipeline water will 


overflow at the overflow box just upstream of the headbox. 
STATIC SCREEN/HEADBOX 


Raw water entering the plant can contain small pieces of 
debris that must be removed to protect downstream units. 
Water entering the headbox will overflow onto sloping stain- 
less steel screens. Water passing through the screens will 
continue to the inline rapid mixer. The screens will be 
cleaned manually by brushing the debris to a cleaning trough 
where it can be flushed to waste. Grit that settles in the 


basin ahead of the screens will also be flushed to waste. 
RAPID MIX 


An inline mechanical mixer is proposed for the Tenmile Creek 
WTP. Inline mixers provide high-intensity mixing (G = 1,000 per 
second), which is recommended when low coagulant dosages and 


processes such as inline filtration are being utilized. An 
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inline mixer is also more compact and offers lower capital 


and energy costs. 


The rapid mix facility will consist of one inline unit capable 
of handling flows up to 13.5 mgd. The flow through the rapid 
mix unit will be subjected to violent agitation by means of 
two small mechanical mixers. The unit will also have an 


internal manifold for effective dispersion of the coagulant. 


A dispersion mixing regime downstream of the inline rapid 
mix unit will mix a coagulant aid, such as a nonionic 
polymer, and powdered activated carbon. The dispersion 
mixing regime will be created by turbulence caused by plant 


piping fittings. 
CONTACT ADSORPTION CLARIFIERS 


Four contact adsorption clarifiers are proposed for the 
initial plant construction. The units are proprietary 
equipment items supplied by Johnson/Microfloc. The clari- 
fiers consist of coated steel tanks approximately 11 feet 
wide by 14 feet long by 10 feet high. The units are pre- 
fabricated and painted at the factory and shipped to the 
site. At the site the clarifier tanks are set in-place, 
pipe connections made, media placed into the clarifiers, and 
media retaining screens put into place. Johnson/Microfloc 
provides the clarifier tanks, internal piping, media, 
retaining screens, blowers for air washing, and controls for 


autLomaticerlushingsol each clarifier. 


The CAC influent pipe will contain a flow meter and influent 
flow control valve modulated by a signal from the flow meter. 
The influent flow controllers will split the flow evenly 
among the CAC units. Emergency overflow from the CAC units 
will go to the washwater piping system and to the washwater 


surge basin. 
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FILTERS 


The initial WTP will have four mixed-media gravity filters. 
The four filters will have a total filter media area of 
1,300 square feet, 325 square feet each. The filtration 
rate at the design raw water flow rate will be 5 gpm/SF with 
GiievUncersnOpeLacing , ands6.7 gpm/SFowith) one filter out of 
service. The dimensions of each filter are 13 feet wide by 
poeLOectl long. einem total depth of *the filter boxeis 1/ ‘feet 
with 2.5 feet of freeboard. 


The total media depth will be 36 inches, as recommended in 
the pilot study. Table 5-2 lists the recommended media 
specifications. The filter media will be supported by 

12 inches of graded gravel on top of a Leopold block 


underdrain tile. 


Table 5-2 
PROPOSED FILTER MEDIA SPECIFICATIONS 
TENMILE CREEK WATER TREATMENT PLANT 


Parameter Anthracite Silica Sand Fine Sand 
Depth, inches 22 9.5 4.5 
Specific gravity dS 2:09 4.0 
Effective size, millimeters dO 0.42 OR25 
Uniformity coefficient ee sass oe 


The total influent flow will be evenly divided among the 
filters, using an influent flow splitting weir ahead of each 
filter influent pipe. Filter effluent valves will modulate 
to maintain a minimum level in each filter to prevent de- 


watering of the media. 


Each filter will be equipped with a filter-to-waste pipe and 
control valve. The filter-to-waste water will go to the 


waste washwater surge basin. 
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Backwash water pumps located above the pump clearwell will 
supply filter backwash. The pump clearwell will be directly 
connected to the treated water reservoir, allowing the 
reservoir to serve as the source of water for filter 
backwash purposes. Two 6,500-gpm backwash pumps will be 


provided, one as a standby. 


Filter surface wash will be accomplished using two 12-foot- 
long rotating arms per filter. Surface wash pumps, 290 gpm 
each, will also be located above the pump clearwell and next 


to the surface wash pumps. 


TREATED WATER STORAGE 


The existing settling basin will be covered and converted to 
treated water storage. It will also serve as a clearwell 
for filter backwash water supply. A complete discussion of 


the reservoir cover is presented in Section 6. 


The capacity of the existing reservoir is 6 million gallons. 
This volume provides a theoretical detention time of 16 hours 
at 9 mgd (summer conditions) and 24 hours at 6 mgd (winter 
conditions). Because of the location of the new inlet pipe, 
a flexible baffle wall will be installed down the middle of 
the reservoir to improve detention time and prevent short 
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CHEMICAL FEED SYSTEMS 


GENERAL 


The chemical feed systems will be flow paced by the 4-20 milli- 
amp (mA) direct current (dc) signal from the plant influent 
flow meter. When the plant is on automatic control using 

the proposed Aquaritrol unit, the flow pacing signal to the 


coagulant feed pumps is modulated based on plant effluent 
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turbidity and raw water turbidity. Another 4-20 mA dc sig- 
nal from the treated water reservoir effluent meter will be 
used to pace chemical feed rates for chemicals applied at 
that point. Dosage and feed rates will be individually 
adjusted at each chemical feed point. Control of all chem- 
ical feed equipment will be from their respective local 
control panels. The status of all chemical feed equipment 
(on, off) will be indicated at the plant monitoring panel 
(PMP). The remote potassium permanganate feed system will 
be controlled manually; however, status lights and alarms 
for this feed system will be provided at the PMP. 


CHEMICAL SYSTEMS 


The chemicals proposed for the Tenmile Creek WTP are listed 

in Table 5-3 along with their proposed point of application 
and dosage ranges. The typical dosage ranges for coagulants 
are as determined during the pilot study. The required feeder 
capacity at the maximum dosage and design flow is shown in 
Table 5-4. The chemical storage capacity and days of 


storage are shown in Table 5-5. 


Each chemical feed system, with the exception of the chlorine 
dioxide generator, will have a back-up feed pump or metering 


device. 


Chlorine dioxide is proposed for use as a predisinfectant 
for control of biological growths and algae. Chlorine dioxide 
can also be used as an oxidant to control minor taste and 
odor problems. Chlorine dioxide will be added to the raw 
water at the headbox to maximize its contact time with the 


raw water prior.to entering the CAC units. 


The initial plant will be equipped with one chlorine dioxide 
generator. Chlorine dioxide is produced by combining chlorine 


gas and sodium chlorite. Sodium chlorite will be delivered 
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in a 25 percent liquid solution in approximately 4,200-gallon 
bulk shipments and will be stored in a storage tank at the 
plant. Chlorine gas is metered to the chlorine dioxide 
generator in the same manner as used for normal disinfection 
applications. Chlorine dioxide generation will be auto- 
matically controlled using the flow pacing signal from the 


plant influent flow meter. 


It is important that the chlorine dioxide generator have an 
efficiency of 95 percent or greater in the conversion of 
sodium chlorite to chlorine dioxide. This will reduce the 
production of unwanted compounds such as chlorate. The 
recommended generator system is one that directly combines 
sodium chlorite with chlorine gas to produce chlorine di- 
oxide without the use of acid or excess chlorine. The 
system supplied by the Rio Linda Chemical Company should be 


investigated during the design phase. 


Cationic polymer is the recommended primary coagulant for 
the Tenmile Creek WTP. Liquid polymer will be delivered to 
the plant in 3,000-gallon shipments. Neat liquid polymer 
(100 percent ‘solution) will be metered using a diaphragm 
pump to a blending unit which uniformly mixes the polymer 
with solution water. Solution water, from the plant water 
system, will carry the polymer to the injection point at the 


inline mixer. 


Facilities to feed nonionic or anionic polymers as coagulant 
and/or filter aids will be provided. Since many anionic and 
nonionic polymers are provided as a dry chemical, facilities 
will be provided for wetting and mixing the dry polymers. 
The feed system will also be capable of utilizing liquid 
nonionic or anionic polymers. Nonionic/anionic polymer 
solutions will be added after the inline mixer or at the 
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Facilities to store and feed liquid alum will be provided. 
Alum will be used primarily as a coagulant aid but will be 
capable of being used as a primary coagulant. Alum solution 


will be injected at the inline mixer. 


Sodium hydroxide will be provided for pH adjustment when 

alum is used as the primary coagulant and to adjust the pH 

of the treated water reservoir effluent. Sodium hydroxide 

will be delivered to the plant in a 50 percent solution and 
diluted to a 25 percent solution for storage. Sodium hydroxide 
solution will be injected at the inline mixer or reservoir 
effluent. 


Powdered activated carbon will be provided to control taste 
and odor in the raw water. Powdered activated carbon will 

be delivered to the plant in 40,000-pound bulk delivery ship- 
ments. The carbon will be unloaded into a 60,000-gallon 

tank where the carbon will immediately be mixed with water 
COerOormeascalboon slurry.  i1ne760,000=gallon tank can handle 
1-1/2 bulk carbon shipments. A vertical impeller mixer will 


mix the carbon and water in the slurry tank. 


Since the slurry tank mixer is relatively large (approxi- 
mately 60 horsepower), it is not desirable to keep the mixer 
operating continuously while carbon is being fed. Powdered 
carbon slurry will be transferred from the 60,000-gallon 
storage tank to a 4,000-gallon day tank. A small mixer will 
mix the day tank, thus reducing power costs. The powdered 
carbon slurry will be metered using a roto-dip feeder, then 
transported to the feed points using solution water from the 
plant water system. Powdered carbon will be fed at the plant 
headbox, after the inline mixer, or at the head of the filter 


influent conduit. 


The use of a polyphosphate or zinc orthophosphate is proposed 


for controlling corrosion in the transmission pipelines. 
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These chemicals can be delivered in a liguid solution or in 

a dry form in bags or drums. Selection of a specific chemical 
and dosage will be made during the design phase using actual 
field testing. For predesign purposes, liquid zinc orthophos- 
phate was assumed at an average dosage rate of 2 mg/L. The 
corrosion inhibitor solution will be fed to the reservoir 
effluent. The zinc orthophosphate will be delivered in 
3,000-gallon shipments and stored in a 6,000-gallon storage 
tank. 


Chlorine is proposed as the disinfectant. As discussed in 
Section 4 the potential for trihalomethane formation is high. 
Therefore, chlorine dosages and application points must be 
carefully selected. Chlorine will be fed at the end of the 
filter effluent conduit (ahead of the pump clearwell) and at 
the treated water reservoir effluent. The chlorine dosage 
should be the minimum necessary to maintain the CT (con- 
centration [mg/L] x time [min]) required for proper Giardia 
disinfection and to provide a chlorine residual in the dis- 
tribution system. The provisions to feed chlorine to the 


plant influent will also be provided. 


A small building will be constructed at the Beaver Creek 
intake to house a potassium permanganate feeder and to store 
the dry chemical. It is anticipated that this facility will 
be used only when significant tastes and odors are present 
in the water from Chessman Reservoir. The long detention 
time in the Rimini pipeline will allow sufficient contact 
time for the potassium permanganate prior to the raw water 
reaching the plant. The solution feed rate will be set 


manually be the operator. 
WASTE WASHWATER SURGE BASIN 


CAC flush wastewater and emergency overflow, filter backwash 


wastewater, and filter-to-waste water will flow by gravity 
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to the waste washwater surge basin. The washwater will then 
be pumped at an adjustable constant rate to the washwater 


recovery basins for solids separation. 


The total volume of the waste washwater surge basin will be 
240,000 gallons. The basin volume was based on the following 


criteria: 
i CAC Waste Washwater 
6-hour minimum run length 


6,530 gallons of washwater per flush per CAC unit 
5aCAC unittsm (future) 
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130,400 gallons of washwater per day (future maximum) 
an Filter Waste Washwater 


12-hour minimum run length 

69,080 gallons of waste washwater per backwash per 
Pulver 

Detiilterss (future) 

690,800 gallons of waste washwater per day (future 


maximum) 


Using these criteria, the maximum volume of waste washwater 
discharged to the surge basin in a 6-hour period will be 
equal to five CAC flushes and three filter backwashes. This 
volume equals 240,000 gallons and will require pumping to 
the waste washwater recovery basin within a 6-hour maximum 
period. The required pump capacity will be approximately 


700 gpm. 
WASTE WASHWATER RECOVERY BASINS 


Waste washwater will be pumped from the surge basin to the 


waste washwater recovery basin for removal of the washwater 
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solids. The washwater recovery basins consist of two hori- 
zontal sedimentation basins with tube settler modules to 
improve solids removal and reduce the basin size. Each basin 
will be 10 feet wide by 36 feet long, with an average water 
depth of 10.5 feet. The basins will be enclosed within a 


building to allow year-round operation. 


Each basin will be equipped with a nonmetallic chain and flight 
sludge collector mechanism. Settled sludge (washwater solids) 
will flow by gravity to one of three sludge lagoons. Recovered 


water will be pumped back to the plant influent. 


Two basins are proposed to allow one basin to be taken out 
of service for repairs. During low plant flows, only one 
basin will require operation. During peak plant flow periods, 


both basins will be in ‘operation. 
SLUDGE LAGOONS 


Sludge will be drained by gravity from the washwater recovery 
basins to one of the three sludge lagoons located east of 

the water treatment plant. The lagoons will be constructed 
with earth embankments utilizing onsite materials. An access 
ramp will be provided for each lagoon to allow access by 


sludge loading and hauling equipment. 


Sludge Quantities 


The annual volume of sludge produced by the Tenmile Creek 


WTP is estimated based on the following criteria: 


fe) An average total suspended solids concentration of 
4 mg/L. One hundred percent removal of the sus- 
pended solids would result in 33 pounds of solids 


per million gallons (MG) treated. 
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fo) An average cationic polymer dosage rate of 3 mg/L. 
Assuming 100 percent of the polymer becomes sludge 
solids, the cationic. polymer solids would be 


25 pounds per MG. 


fe) An alum dosage rate of 1.5 mg/L as a coagulant 
aid. Assuming one-third of the alum added becomes 
sludge solids, the alum would result in 4.1 pounds 


per 1G. 


fe) An annual average PAC dosage rate of 5 mg/L. This 
dosage will fluctuate throughout the year depending 
on tastes and odors in the raw water. The PAC 
addition would result in 42 pounds of solids 


per MG. 


A 9-mgd capacity plant will treat 2,418 MG per year (see 
Section 3), resulting in an annual sludge production of 


251,500 pounds (approximately 104 pounds per MG treated). 


The solids content of the sludge removed from the washwater 
recovery basins is assumed to be approximately one percent 

by weight. The sludge volume per MG treated will be 

1,250 gallons, and the total annual sludge volume will be 

3 MG for a 9-mgd capacity plant treating 2,418 MG per year. 


Lagoon Size 


Winter weather will create demanding operating conditions 

for the sludge lagoons. All liquid sludge discharged to the 
lagoons will require total storage throughout the winter 
months since lagoon decanting may not be feasible. The lagoon 
volume required to store all sludge produced from November 
through February is estimated to be 0.8 MG. Ten percent 
should be added to this figure to account for ice formation, 


increasing the total volume required to 0.9 MG. 
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Another operating condition that should be considered is the 
ability to take one lagoon out of service for up to a year 
to allow the accumulated sludge to dry and be removed. The 
remaining lagoons should have the capacity to handle all 


sludge production during that time. 


The area required for the sludge lagoons is estimated to be 


56,000 square feet based on the following criteria: 
fo) 104 lb of solids per MG treated 
fe) 2,418 MG treated per year 
fe) Annual sludge quantity of 251,500 pounds 


fe) 1 percent solids concentration for sludge from 


washwater recovery basins 


fe) Each lagoon receives one-half of the sludge produced 
in a year before being taken out of service for a 


year 


fo) 16-inch sludge depth at 8 percent solids at begin- 


ning of out-of-service cycle 


fe) An operating depth of 4 feet to allow total storage 


of winter sludge production in two lagoons 


Sludge will flow by gravity from the washwater recovery basins 
to the sludge lagoons. All sludge pipes will be buried below 

the maximum frost depth to prevent freezing. All riser pipes 

at the sludge discharge points will be heat-traced and 


insulated. 
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Lagoon Decant 


Each lagoon will have a decant structure with an adjustable 
sliding weir gate. Decant water will flow by gravity toa 
decant pump station. The pump station will contain two 
submersible pumps. Lagoon decant water will be pumped back 
to the washwater surge basin. During the design phase we 
recommend investigating alternative methods for lagoon decant 
water disposal. Alternatives investigated should include 
onsite or offsite spray irrigation, pumping to a nearby 
irrigation ditch during the summer, and discharge back to 


Tenmile Creek. 
INSTRUMENTATION AND CONTROL 
DESIGN BASIS 


The proposed design will be based on sufficient automation 
to allow the plant to operate from 8 to 16 hours per day 
without operators present. The plant will normally be 
staffed with one 8-hour shift per day, 365 days per year. 

An additional 8-hour shift during the evening is assumed 
during May, June, July, August, and September, the high 
production months. During the hours when the plant is not 
staffed, critical treatment processes will be monitored and 
alarmed. A microprocessor will be used to control coagulant 
feed rates. If influent or effluent turbidities exceed set- 
points, the plant will shut down and an alarm will be acti- 


vated. 


Monitoring of most major plant functions will be done from 
the main plant monitoring panel (PMP) located in the opera- 
tions area of the plant building. Control of most major 


plant equipment will be done from local panels. 


STATIC SCREENS /HEADBOX 
Plant Influent Flow Measurement 


Plant influent flow will be measured by an electronic pro- 
peller meter in the raw water pipeline upstream of the static 
screen/headbox. The flow rate will be indicated, totalized, 
and recorded at the PMP. A 4-20 mA dc flow rate signal will 
be used to pace chemical feed systems (exclusive of the 


chemicals applied to the treated water reservoir effluent). 
Plant Influent Flow Control 


Control of the plant influent flow rate will be accomplished 
by a throttling valve downstream of the plant influent flow 
meter. Under automatic operation, the valve will modulate 
to maintain a constant influent flow rate. The flow rate 
will be selected by the operator at the PMP. The influent 
throttling valve position will be trimmed using a level con- 
trol signal from the headbox. This will be required for the 


following reasons: 


ate The influent to each CAC unit will be controlled by 
separate flow control valves. If the total flow to the 
CAC units does not precisely match the total plant flow, 
the level in the headbox will rise or fall. The level 
control at the headbox will trim the influent control 
valve so that the plant influent flow matches the flow 
tovalleCAGaunits. 


ae When a CAC unit is taken offline during the air wash 
cycle, the plant influent flow control valve will main- 
tain a constant influent flow rate. However, it will 
be necessary to reduce the influent flow to maintain 
constant chemical feed rates. Taking a CAC unit offline 


will cause the water level in the headbox to rise and 


thus cause the level control to reduce the plant flow 


until the CAC unit is brought back online. 
COAGULANT CONTROL 


A microprocessor is proposed to control coagulant dosage 
when the plant is not staffed (8 to 16 hours per day). The 
Microfloc Aquaritrol unit is proposed to perform this func- 


tion. The features of this unit are as follows: 


fe) Plant effluent muehidity is monitored and utilized 
to control coagulant feed rate. Effluent turbidity 
and lag time are operator adjustable set-points. 
The response to actual variations between the mea- 
sured variable and the set-point can also be adjusted 


by the operator. 


fe) Plant influent turbidity can be monitored and used 
to provide a feed-forward feed-back loop to control 
the coagulant dosage during periods of rapid raw 
water turbidity increase or decrease. This would 
be an important feature considering the possible 


turbidity variations in Tenmile water. 


fo) The plant influent flow signal can be used to adjust 
the coagulant feed rate in direct proportion to 


flow variations. 


fe) If alum is used as the primary coagulant, coagulated 
water pH can be monitored by the microprocessor 
and the caustic feed rate adjusted to control the 


pH. The pH set-point is adjustable by the operator. 


fe) An option required at the Tenmile Creek WTP will 
be the ability to automatically reduce the coagulant 


feed rate if subsequent increases have not resulted 


in improved water turbidity. This feature is neces- 
sary for cationic polymer coagulation where over- 


dosing of the coagulant is possible. 


The microprocessor is controlled from a simple keyboard. 
All variables are adjustable by the operator. The operator 


Ganetanual i yeadjUust athe feed. rates at™ the keyboard. 


The Aquaritrol unit is a simple, reliable microprocessor- 
based coagulant control unti. The set-points and variables 
are easily changed by the operators as conditions dictate. 
The unit can also be switched to manual operation and used 
to adjust the coagulant feed rates. The Aquaritrol is 
recommended for the Tenmile Creek WTP because it will allow 
more reliable plant operation when running without an oper- 
ator on duty. The Aquaritrol's ability to use influent raw 
water turbidity to adjust the coagulant feed rate will aid 
the operators during those periods of the year when Tenmile 


water turbidity can change rapidly. 
RAPID MIX 


The inline rapid mix unit will include two mixers. Local 
on/off control will be provided with remote on/off indication 
at the PMP. 


CONTACT ADSORPTION CLARIFIERS 
Influent, Flow Control 


Influent flow control to each CAC unit will be obtained by a 
throttling valve downstream of a flow meter in each CAC in- 
fluent pipeline. At the PMP, the plant operator will manually 
set the desired flow rate into each CAC unit by dividing the 
total plant influent flow by the number of CAC units operating. 
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CACSE lush Cycle Control 


The CAC flush cycle will be initiated manually or auto- 
matically using a preset timer, to control the time between 
flush cycles, or an adjustable pressure switch, to control 
the maximum headloss. Control of the flush cycle is auto- 
matic. The control panel for the CAC units will be located 
on the CAC operating platform at a location central to all 


units. All valves will be automatic with pneumatic operators. 


Upon initiation of the flush cycle, the CAC influent and 
effluent valves will close and the waste valve will open. 
The remaining CAC units will be interlocked in the service 
position so that only one unit can be flushed at a time. An 
air supply blower will be turned on and a pressure switch in 
the air supply line will signal the inlet air valve to open. 
Air will be distributed to the bottom of the adsorption 
clarifier. After an adjustable time period, the influent 
valve will open and air/water flushing will commence. The 
air/water flushing period will continue for a preset duration, 
1 to 3 minutes, then the air blower will turn off. Wasting 
will continue for a preset time, usually 2 to 3 minutes, 
then the effluent valve will open and the waste valve will 


close. 


Each clarifier will be equipped with a high-pressure alarm 
switch and a high water level alarm switch. Both alarms 


will be indicated at the alarm panel in the PMP. 


Turbidity from the combined CAC effluent will be monitored 
and indicated at the PMP. 


FILTRATION SYSTEM 
Filter Control 


The filter system will be controlled from local panels, one 
panel for each two filters. The filter control panels, located 
on the operating level above the filter pipe gallery, will 

have filter mode control, manual valve control for the 

filter control valves, and filter and valve status lights. 
Filter failure and backwash failure alarms will be indicated 

at the filter panels and the PMP. 


Filter mode selection will be made using an automatic, semi- 
automatic, and manual selector switch. In the manual mode, 
each filter valve will be controlled directly from the 
respective valve open/close switch on the appropriate local 
filter panel. In the semi-automatic mode, the filter 
backwash sequence will be initiated manually, then proceed 
automatically through the sequence. The backwash sequence 


in the automatic mode will proceed as follows: 


fe) At a preset terminal headloss or filter effluent 
turbidity, an alarm will sound and an alarm light 
will go on at the local panel and the PMP. The 
filter influent valve will close and the water 
level in the filter will drain down to approxi- 


mately 2 inches above the top of the filter media. 


fe) Reathestittersdrains down, the alarm will stop, 
and remaining filter cells that are in the auto- 
matic mode will interlock in the service position 
so that only one filter can be backwashed at a 


time. 
fe) The surface wash pump will start and the surface 
wash valve will open, beginning the surface wash 


phase of the backwash. 
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After an adjustable time period of approximately 

2 minutes, the filter backwash waste valve will 
open, the filter backwash pump will start, and the 
. filter backwash supply valve will slowly open, 
beginning the filter backwash. 


The surface wash will continue for an adjustable 
time period, usually 2 minutes, after the backwash 


iSeinpoLvaced. 


Filter backwash will continue for a time period of 
6 to 10 minutes, the backwash supply valve will 
close, the backwash pump will turn off, and the 
filter will automatically return to service. All 
interlock contacts will also open. (During the 
automatic backwash sequence, the filter may be 
manually returned to service by operating a push 
button.) 


At the beginning of the filtration cycle, for an 
adjustable time period the filter-to-waste valves 
can open automatically to allow the filtered water 
to drain to waste. After this time period, the 
filter-to-waste valves will close and the effluent 
valve will open to allow the normal filtration 
cycle to commence. The option to control the 
filter-to-waste cycle using the effluent turbidity 


will also be included. 


The backwash rate of flow and surface wash rate of flow will 
be indicated at the local panels and totalized at the PMP. 


During the CAC flush cycle, the total plant influent flow 


will be reduced by the flow rate to one CAC unit. A sudden 


filter flow rate decrease or increase can be detrimental to 


filter effluent quality. Therefore, when one CAC unit is 
taken offline, a corresponding filter will also be taken 
offline until the CAC flush cycle is complete. When the 
filter goes back online, it will automatically filter-to- 
waste using a preset timer or the effluent turbidity as a 


control: 
Filter Valves 


Each filter will have an influent valve, surface wash supply 
valve, backwash supply valve, backwash waste valve, modulating 
effluent valve (to maintain low water level), and filter-to- 
waste valve. All valves will be automatic and equipped with 
pneumatic operators. The local panel will monitor the posi- 
tion of alleftiiter) valves. ,Also, the position of the: filter 
influent valves will be indicated at the PMP. When a filter 
is in the automatic mode, the local panel monitors the posi- 
ClLONn,OtwalignvalVes welt a position: error is, detected, it 
willigalarmeatethe PMP. 


Backwash Supply Control 


The filter backwash flow rate will be controlled using a 
venturi flow tube and modulating butterfly valve in the 
backwash water supply header pipe. A flow controller, 
located at the local filter panels, will compare a flow 
Signal from the venturi flow tube with the selected flow 
rate and automatically adjust the position of the butterfly 


valve to obtain the desired flow. 

Filtered Water Measurement 

Because the influent flow is split evenly to each filter, 
the flow rate to each filter can be manually calculated by 


dividingathe totalstiow rate, to the filters by the number of 


filters that are in service. 
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Miscellaneous Filter Instruments 


A headloss indicator for each filter will be provided at the 
local panels. The effluent turbidity from each filter will 

also be monitored and transmitted to the PMP for indication 

and recording. High turbidity levels will sound an alarm at 
the PMP. 


WASTE WASHWATER SYSTEM 


Washwater Surge Basin 


The water level in the surge basin will be transmitted to 
the PMP for indication. A float switch for high water level 
will trigger an alarm at the PMP. 


Washwater Pumps 


An on/off/automatic switch for each pump will be located at 
a local panel. In the automatic mode of operation, each 
pump will start and stop in response to water level in the 
surge basin. The washwater flow rate to the recovery basin 
will be controlled using a venturi flow tube and modulating 
butterfly valve. At the PMP, the operator will be able to 
select the desired washwater flow rate. The washwater flow 
rate will be indicated and totalized at the PMP. On/off 
status lights for each pump will be located at the PMP. 


Washwater Recovery Basin 


Sslucdgescor eclLons se Controls) 1or the sludge collectors’ will 
be provided at the recovery basins. The controls will allow 
for manual and automatic control of each unit. In the manual 
mode, each sludge collector will operate on a continuous 
basis. In the automatic mode, the sludge collectors will 


operate automatically on an adjustable periodic basis. The 


.. a 
ae a i an a 
‘may a : 
ai 
3 7 7 
+ ? ¥ 


‘ 
= BA, 7 
a my pple <- 
oo Reps ' F | 
; be ( ie bo a m4 a st i: 


as ip 
ne 


rie? sil 
bits es ‘* 


Ay TEM aime om 
ea ine 
sud aes WM i 


status of each sludge collector (on, off) will be indicated 
tocailysand acy the -PMP . 


Sludge Valves. An open/close/automatic switch for each 
sludge valve will be located at the recovery basins. During 
automatic operation, each sludge valve will be opened and 
closed automatically by a local timer. The status of each 


valve (open, close) will be indicated locally and at the PMP. 


Sludge Monitoring. The sludge flow rate will be measured, 
then indicated, totalized, and recorded at the PMP. 


Decant Recycle Pumps. An on/off/automatic switch for each. 
pump will be located a local panel, and the status of each 

will be indicated at the PMP. In the automatic mode, each 

pump will start and stop in response to water level in the 

decant water clearwell. The decant recycle flow rate will 

be measured using a propeller meter. The flow rate will be 
indicated, totalized, and recorded at the PMP. 


SLUDGE LAGOON DECANT PUMPS 


The decant pumps will be controlled at a local panel using 
on/off/automatic switches for each pump. In the automatic 
mode, floats in the decant water wet well will start and 


stop the decant pumps. 
TREATED WATER RESERVOIR 


Water level in the treated water reservoir will be monitored 
and transmitted to the PMP for indication and recording. 

Low water and high water levels will be alarmed at the PMP. 
High water level in the reservoir will automatically cause | 
the plant influent valve to close and chemical feed systems 


to shut down. 
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TREATED WATER FLOW MEASUREMENT 


The treated water flow rate (water leaving the reservoir) 
will be measured using the existing propeller flow meter. 
The flow rate will be transmitted to the PMP for indication, 


totalization, and recording. 
MISCELLANEOUS PLANT MONITORING 


High water levels in the plant overflow box and filter 


influent conduits will be monitored and alarmed at the PMP. 


A chlorine residual analyzer will be used to monitor the 
treated water reservoir effluent. A low chlorine residual 
will be alarmed at the PMP. 


The existing raw water turbidimeter now located in the old 
chlorination building will be relocated to the plant headbox 
and used to monitor raw water turbidity. Raw water turbidity 
will be indicated and recorded at the PMP. 


The turbidity of the combined filter effluent will be 
monitored and transmitted to the PMP for indication and 


TeCcOrging wer lobeturobidity will trigger an alarm at the PMP. 
WATER SYSTEM MONITORING 
General 


The Tenmile Creek WTP is proposed to operate as a base load 
plant, producing water on a year-round basis. Vital water 
system information will be transmitted to the WTP to give 
the plant operators sufficient information to control the 


water treatment and distribution systems. 
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During the design phase it is recommended that a study be 
performed to determine the feasibility of using radio 
telemetry for transmitting water system information to the 
Tenmile Creek WTP. 


Storage Reservoirs 


Water level will be indicated and recorded at the PMP for 


the following reservoirs: 


fe) Woolston 

fe) Malben 

fe) Winnie 

fo) Hale/Eureka 


High and low water levels will be alarmed at the PMP. 
Missouri River Water Treatment Plant 


The finished water flow rate (high and low zone) will be 
transmitted to the Tenmile Creek WTP for indication and 


totalization. 
COMPUTER DATA AQUISITION 


City staff have indicated an interest in providing a micro- 
computer for storing important plant and water system data. 
The microcomputer could be utilized to prepare operating 
reports and as an operational aid, allowing an operator 
instant access to all important data stored on the micro- 


computer. 


For the Tenmile Creek WTP the microcomputer will be used to 


store and monitor the following data: 


Plant influent flow 


Plant raw water turbidity 


oN, 


CAC effluent turbidity 

Filter headloss (each filter) 

Filter effluent turbidity (each filter) 
Plant effluent turbidity 

Tenmile Reservoir effluent flow 
Tenmile Reservoir level 

Woolston Reservoir level 

Malben Reservoir level 

Winnie Reservoir level 

Hale Reservoir level 

Missouri River Treatment Plant - high zone flow 


Missouri River Treatment Plant - low zone flow 
EMERGENCY POWER 


A standby emergency power generator will be provided for 


operation of critical plant processes during a power failure. 
BUILDING SYSTEMS 


The design of an enclosed water treatment facility for a 
cold climate has many unique considerations. These items 
all tie together and affect each other. These considera- 
tions - among them, insulation, condensation/vapor control, 


and material selection - are discussed below. 
INSULATION 


Insulation values are suggested by the model energy code to 

be R-4.17 minimum for the walls and R-16.67 minimum for the 
roof. However, we recommend higher values of R-12+ and R24.1, 
respectively. The type and location of the insulation greatly 
affects material selection. The insulation must be resistant 
to or protected from moisture in the high humidity areas, 


and it must be compatible with the structural system. 


CONDENSATION/VAPOR 


The effects of condensation can be a nuisance and harmful to 
the construction materials. Usually the HVAC system will 
minimize the condensation problem. However, should that 
system ever be shut down for maintenance, replacement, or 
energy conservation reasons, the insulation materials will 


have to resist the effects of condensation. 


Through analysis of the conditions of low exterior tempera- 

tures with low relative humidities, and high interior rela- 

tive humidities caused by open filter basins, it is apparent 
thar: 


ee Vapor retarders must occur toward the interior; 

Ze Selected materials must be resistant to moisture; 
or 

ches Materials with proper resistance to vapor drive 


and required insulating values must be selected to 
prevent the air at any point in the structure from 


becoming saturated and therefore causing condensation 
MAINTENANCE 


In a primarily industrial occupancy where there is humidity 
and chemicals and where there is no specialized maintenance 
crew, all materials must be selected for easy care and 


minimum upkeep. 
MATERIAL SELECTION 


The preceding factors and others, such as aesthetic consid- 
erations, are brought together and weighed against each other. 
Often, these factors conflict and the best compromise must 


be chosen. 
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The maintenance/humidity factors usually require a masonry 
solution rather than a wood or metal solution where mainte- 
nance is higher or where rust can occur unless protected by 
exotic coatings and paint. However, in office areas where 
these factors are not critical, other systems could be con- 


sidered to obtain more design and appearance flexibility. 


The condensation/vapor factors usually require that the 
vapor be stopped on the inside before it gets into the 
structure. This can be accomplished by either a paint 
coating, which, if properly selected, can act as a vapor 
retarder, or by the application of an interior finish. The 
interior finish, however, is often incompatible with 


maintenance factors, or it is costly. 


Unit masonry such as concrete block is subject to hairline 
cracking jOge tie: mortar, joints.  An-interior coating of paint 
that is an effective vapor retarder is usually brittle. The 
cracks of the substrate can cause the paint to crack, reducing 


the vapor retarding characteristics. 


Insulation can be placed in a wall, on the exterior of a 
wall, or on the interior of a wall. Placement on the inside 
requires costly finishes. Placement on the outside requires 
a vapor retarder on the inside to keep moisture out of the 
wall. Figures 5-4 and 5-5 on the following pages illustrate 
possible wall and roof systems for the treatment plant. 
These systems should be the subject of further analysis 


during final design. 
STRUCTURAL SYSTEM 
It is assumed that the water table is below required footing/ 


foundation depths and that the soil is alluvial sands and 


gravels. This should require no special foundations; 
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Figure 5-4 
PROPOSED WALL TYPES 

TENMILE CREEK WATER TREATMENT PLANT 
PRELIMINARY ENGINEERING REPORT 

CITY OF HELENA, MONTANA 


CHMHILL 


ets 7 al e : 


a 
are mise = 


» 
Lire 
5 iat’ 
=e 
: us 
, 
os tant 
7 7“ 
< 7 
a 


ROOF 


HUMIDITY AND OFFICE AREAS 
CHEMICAL AREAS 


KOOP Ne MEMBRANE ROOFING MEMBRANE ——~ 
RIGID INSUL a 
KR FETARDER- 


INSUL Je VAPOR 
RET ALDER — » 
3 W go WY cea Wo 


——— 
S 


DO CT OO OOO 
KOKORO & 
I OG SOC 


es 


LAY-INI CEIUNG 


A. GFFICEe AREAS cAI ALSO BE RepreO WITH TOURLE TEES 


D, MeL BASE = PLYWOOD FACTORY LAMINATED TD RIGID INSULATION 


Figure 5-5 
PROPOSED ROOF TYPES 
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however, this must be confirmed by soils investigations and 


a foundations analysis prior to starting design. 


The building shell will be either bearing walls, concrete 
frame, or a combination of the two. This will accommodate 


the recommended wall systems. 
PRELIMINARY DESIGN DRAWINGS 


Figures 5-6, 5-7, 5-8, 5-9, 5-10, and 5-11 present preliminary 
design drawings for the static screens/headbox, filter plan, 
filter elevation, filter and CAC building plan, section 
through CAC and filters, and waste washwater recovery 


basins. 
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Figure 5-6 
RAW WATER SCREENING BOX 
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Figure 5-7 

TYPICAL FILTER PLAN 
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Figure 5-8 
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Section 6 
RESERVOIR COVER 


FLOATING MEMBRANE COVER 


A floating membrane cover for a potable-water storage 
reservoir usually consists of a fabric-reinforced plastic 
membrane floating on the water surface and anchored around 
Ereeperimetcr on the reservoirs The most commonly used mem- 
brane material is basically chlorinated and sulfonated poly- 
ethylene (CSPE) produced by DuPont and marketed under the 
trade name Hypalon. The reinforcing fabric is usually 10 by 
10 scrim, 1,000-denier polyester. It is sandwiched between 
two sheets of the Hypalon in a calendering process during 
the manufacturing and forms a fabric-reinforced Hypalon sheet. 
The reinforced Hypalon membrane normally used for floating 


covers has an average thickness of 45 mils and the following 


properties: 
45-MIL POLYESTER-REINFORCED HYPALON 
Typical 
lest oe Sts 
Property Method Values 
Weight, lb/SF ASTM D751 ON 324 
Tensile Strength, Average ASTM D751 200 lbs 
Grab Method 
Tear Strength, Average ASTM D751 80 lbs 
Tongues lear 
8" x 8" Specimen 
Puncture Resistance, FIM 101B 180 lbs 
Minimum Method 2031 
Ply Adhesion, lb/in Width ASTM D413 10 
Minimum, 180-Degree Peel Method A 
Back 
Dimension Stability, ASTM D1204 2% 


One Hour atv Z212°F 


For a dike-enclosed water reservoir with sloping inside walls 
such as the Tenmile Reservoir, the membrane cover is normally 
laid on the bottom and the slope when the reservoir is empty. 
The slack material along the bottom of the sloping sides, 
formed by the decreasing hypotenuse caused by the rising 
water in the reservoir, is taken up by a weight assembly 

that also forms a drainage channel on the membrane cover to 
collect rainwater and direct the flow to sump areas for dis- 
posal. An array of floats composed of closed-cell polyethy- 
lene foam encased in Hypalon membrane envelopes are provided 
for the support of the floating membrane and form a drainage 
pattern on top of the cover for rain water collection. The 
floats, in conjunction with the weight assemblies, also help 
to stabilize the floating cover from excessive shifting in 
the wind. An illustration of the floating cover layout for 
the Tenmile Reservoir is as shown on Figure 6-1. Figure 6-2 
illustrates the operation of the weight channel and the 
floating cover at various water depths of the reservoir, 

and Figure 6-3 shows a possible siphon system to pump water 


accumulated on top of the floating cover. 


FEASIBILITY OF FLOATING MEMBRANE COVER 
FOR TENMILE RESERVOIR 


/The Hypalon floating membrane. cover for reservoirs has been in 
use for more than 10 years. Because of its weather-resistant 
properties, the general performance has been good. Hypalon 
has an exceptional resistance to ozone and ultraviolet (UV) 
light compared with other synthetic rubber materials. It 

also has good resistance to temperature extremes and does 

not embrittle at low temperatures. The manufacturers of the 
Hypalon membrane usually furnish a 20-year warranty against 
premature weathering of the material. The fabric-reinforced 
membrane is relatively strong and can resist normal wear and 


tear reasonably well. The only problems for the use of the 
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floating membrane cover in cold regions such as Helena are 


ice and snow. 

IGE UNDER?) THE “COVER 

According to climatological data compiled by the National 
Oceanic and Atmospheric Administration (NOAA), a 40-year 
record shows the following normals, means, and extremes for 


Helena, Montana. 


Normal Temperature 


Daily Maximum, December CUCL 
January 203 
February 3528 

Daily Minimum, December us age 
January ope as 
February 14.9 


Record Low Temperature 


January 1957 =—42.0°F 


Obviously, freezing and ice formation will occur in the 
reservoir under the cover during the winter months. However, 
existing reservoirs with floating membrane covers in cold 
regions normally operate without problem from freezing and 
ice formation. The main reason appears to be the membrane 
cover prevents rapid heat loss from the reservoir water 
during cold spells, especially when there is a snow blanket 
on top of the floating cover. Ice formed under the cover 
membrane does break up by the fluctuating water level, but 
usually the ice formed is not very thick and broken pieces 
are without jagged edges because of the pressure from the 
weight of the cover. Puncture of the membrane cover by the 


ice has not been a problem. 
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SNOW ON THE COVER 


Snow accumulation on the top of the floating membrane cover 
May cause problems, especially when total snowfall is heavy 
and the snow drifts, resulting in uneven distribution of 
weight on the membrane cover. Theoretically, snow accumula- 
tion on the cover only displaces its equal weight in water 

in the reservoir. Since the cover membrane is floating on 
the water surface and has sufficient slack even for the cover 
to collapse to the bottom of the reservoir, there should not 
be any undue stress on the membrane unless an uneven deposit 


of snow causes an excessive shift in the position of the cover. 


New snow varies widely in its density. Densities from 

0.01 gm/cm? to 0.3 gm/cm? have been measured. Generally, 

10 inches of snow have been.considered as the equivalent of 
one inch of rain. Therefore, it takes 120 inches of snowfall 
on the floating cover to displace one foot of the reservoir 
water, resulting in a loss of one foot of storage capacity 


of the reservoir. 


According to the same climatological data, Helena receives 

an average of 9.4 inches of snow in January, and only 48.5 in- 
ches of snow in the season. It is therefore not a problem 

for the cover operation. However, snow fences should be 
constructed around the reservoir to minimize drift, and water 
should be pumped out from the top of the cover promptly when 
there is a thaw to prevent ice formation in the weight 


channels when a freeze does occur. 
MISCELLANEOUS 
Chain Link Fence 


A floating-membrane-covered reservoir is vulnerable to 


vandalism. If the Tenmile Reservoir is not enclosed ina 
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fenced treatment plant compound, a 6-foot chainlink fence 
with three strands of barbed wire on top of the fence is 
recommended to protect the reservoir from unauthorized 


intruders. 
Membrane Liner 


The existing reservoir appears to have a 4-inch concrete 
liner on the bottom and the slopes. The condition of the 
existing concrete is not known until a thorough investigation 
and inspection is made. To protect the reservoir from pos- 
sible leakage, a membrane liner is usually more reliable and 
may be more economical than trying to locate and repair leaks 
in existing joints or cracks. A membrane material the same 
as that used for the cover but 36 mils thick is normally 

used for the liner. A nonwoven, synthetic geotextile fabric 
about 50 mils in thickness is used as a padding material 
between the existing concrete and the membrane liner to pre- 
vent abrasion and possible puncture of the liner material. 
The membrane liner can be installed using the same anchoring 


system at the perimeter of the reservoir used for the cover. 
COMPARISON TO RIGID RESERVOIR COVERS 


The floating membrane cover for an existing reservoir such 

as the Tenmile Reservoir is undoubtedly the most economical 
construction. Compared with different types of rigid covers, 
the membrane cover is only from one-fifth to one-tenth the 
cost of installation of a rigid cover. The only disadvantage 
of the floating membrane cover is accessibility and mainte- 
nance. However, a reservoir used as a clearwell or for 
treated water storage does not require frequent cleaning. A 
diver with vacuuming equipment and underwater lights has 

been used for maintenance required for this type of cover 


without problems. $ 
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The following are brief descriptions of. several types of 
rigid roofs and their estimated construction costs. Typical 
sections for alternative reservoir roof systems are shown on 


Figure 6-4. 
LONG-SPAN TREATED-WOOD ROOF 


This roof system consists of metal or membrane roofing over 
treated plywood decking, with treated wood joists and treated 
glulam beams and girders. These members are supported on 


precast concrete columns on cast-in-drilled-hole piles. 


The cost of this roof is moderate relative to the other 
alternatives under consideration. It also has the advan- 
tages of permitting accessibility and a pleasing appearance. 
However, the major problem with this system is the key word 
"treated." 


Because of the potential for the wood used in this system to 
rot or decay, it is commonly treated by wood preservatives. 
Wood preservatives normally used for this purpose include 
pentachlorophenol (PCP), chrome copper arsenate (CCA), and 
creosote. All of these compounds are toxic and have been 
ruled out by EPA for use in any structure in connection with 
potable water systems (Federal Register, 48300-48617, 
October 785-8978). 


The actual problem in using the treated wood for the reservoir 
roof system is the dripping of condensation that collects 
under the roof into the reservoir water. State regulatory 
agencies in California and Washington conditionally allow 

the use of these preservatives to encourage the water utili- 
ties to cover the existing potable water reservoirs. They 
issue permits with the condition that an efficient ventila- 
tion system be provided to prevent any condensation, thus 


minimizing the possibility of toxic contamination. EPA's 
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policy is not to allow the use of any wood preservative. 
Instead, the wood can be protected by latex or other accept- 
able paint systems approved for use with drinking water. 
Naturally, this will increase both the construction and the 


Maintenance costs. 


The estimated construction cost for this type of roof system 


is $12 to $16 per square foot of roof area. 


TRUSS=JOIST. ROOF SYSTEM 


This system is similar to the long-span treated-wood roof 
described above, but utilizes treated truss joists to span 
between the treated glulam beams. The truss joists are simi- 
lar in appearance and application to steel, wide-flange beams. 
They consist of wood beams functioning as flanges jointed by 


diagonal steel tubings functioning as webbing. 


Since this system uses treated wood, it will be subjected to 
the problems of wood preservatives the same as the long-span 
wood system. In addition, the corrosion problem of the steel 
tubing would be a major maintenance task for this roof system. 
It has a marked disadvantage compared with the similar but 


simpler long-span treated-wood roof system. 


WOOD AND STEEL COMPOSITE ROOF 


This alternative is similar to those two described above 
except that steel girders would be used in place of the wood 
girders or the truss joists. The cost of this roof system 
is also comparable with the other two wood roof systems pre- 
viously described. In this case, however, the corrosion 
protection for the large steel girders would be easier than 


that for the steel tubing in the truss-joist system. 
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PRECAST CONCRETE ROOF SYSTEM 


This roof system consists of precast, prestressed concrete 
double tee beams spanning to ledger girders on precast con- 
crete columns. The columns are in turn supported by cast- 
in-drilled-hole piles. The surface of the double tee beams 


is topped with a layer of light-weight concrete. 


This system has the distinct advantages of permitting easy 
access, low vulnerability to vandalism, and very low mainte- 
nance requirements. Aesthetically, the appearance of this 
roof cover can be pleasing. The cover would have a low pro- 
file with a smooth finish. The concrete surface on the roof 
can also be topped with a membrane sealer that can be colored 
in a subdued tone. The major disadvantage of this roof system 
is its high construction cost, especially where the structure 


needs to be designed to resist earthquake and heavy snowload. 
The estimated construction cost for this type of roof system 


for the Tenmile Reservoir is from $20 to $25 per square foot, 


depending on the foundation for the footings. 
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Section’ 7 
TRANSMISSION PIPELINES AND BOOSTER PUMP STATION 


INTRODUCTION 


The existing transmission pipeline system from the Tenmile 
settling pond to Yaw Yaw (a site along Highway 12 west of 
Helena near the Broadwater Athletic Club) consists of three 
parallel pipelines, a 24-inch-diameter pipe and two 16-inch- 
diameter pipes. The 24-inch pipe is in poor condition because 
of external and internal corrosion in the stretch where the 
pipeline parallels Highway 12. This portion of the 24-inch 
pipeline (approximately 3 miles in length) will be abandoned 


when Highway 12 is reconstructed. 


Previous reports found that it would be more feasible to 
build a booster pump station at Yaw Yaw, using only the two 
16-inch transmission pipelines, than to replace the 24-inch 
pipe with a new pipeline. In order to utilize a booster 
pump station, the two 16-inch pipelines must have the capac- 
ity to carry 10.6 mgd with a residual pressure of 15 to 

20 pounds per square inch (psi) at Yaw Yaw. Hydraulic cal- 
culations using reasonable pipe friction coefficients indi- 
cated this would be possible. However, actual flow tests 
showed that the two 16-inch pipelines did not respond as 
Peete lou mmeamcertes Of flow tests were performed in an 


effort to identify the problem(s). 


This section presents the analysis of those flow tests and 
the recommendations concerning the transmission pipelines 
and pump station. Recommendations for an external corrosion 
protection system for the 16-inch steel transmission pipe- 
line is also included. Costs for the recommended improve- 


ments are presented. 


TRANSMISSION PIPELINES 
FLOW AND PRESSURE TESTS 


An initial analysis by CH2M HILL (CH2M HILL, June 21, 1985) 
indicated that the two 16-inch pipelines should have a capa- 
city of 10 to 11 mgd assuming a Hazen-Williams roughness 
factor of 110 for the cast iron pipe and 100 for the steel 
pipe. Flow and pressure measurements were recommended in 


order to verify the roughness factors. 


Flow and pressure measurements made on June 14, 1985, deter- 
mined that at a flow of 1.65 mgd in the 16-inch steel pipe, 
the pressure at Yaw Yaw was 110 psi. Since the static pres- 
sure (pressure at zero flow) is 160 psi at Yaw Yaw, the head- 
loss due to friction was 50 psi. The calculated roughness 
coefficient was 53, much lower than was previously assumed 

by CH2M HILL and others. 


A second set of flow and pressure measurements were made on 
September 18 and 19, 1985. The results were similar to the 
tests performed on June 14, 1985. The results of the Septem- 
ber tests indicated a possible flow restriction at the upper 
end of the pipelines. Additional flow and pressure tests 
were recommended in an attempt to more closely define the 


problem. 


The 16-inch cast iron pipe yee tapped at several locations 
along its upper reach for pressure tests. Both static (zero 
flow) and dynamic (pipe flowing) pressures were carefully 
measured at each point. The results of*the tests were plotted 
on a ground profile (Figure 7-1). Considering the accuracy 

of measurements, plus or minus 2 to 3 psi, there does not 
appear to be a single point or area where the headloss is 
Significant. The rate of headloss along the pipeline appears 


to be relatively consistent. Based on the data from the 
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March 1986 flow tests, the calculated Hazen-Williams rough- 
ness factor for the cast iron pipe is 58. Using a roughness 
factor of 58, the capacity of the two 16-inch pipes would be 
6.4 mgd assuming a 15 psi residual at Yaw Yaw. A booster 
pump station at Yaw Yaw does not appear feasible since the 
two 16-inch pipelines have a capacity less than the required 


10.6 mgd (year 2007 maximum day requirement). 
PIPELINE DESIGN 


Utilizing the computer model previously developed for the 
Tenmile to Woolston Reservoir system (CH2M HILL, June 21, 
1985), CH2M HILL's pipe network analysis program NETWK was 
utilized to size a new transmission pipeline from the Tenmile 


settling pond to Yaw Yaw. 


The model calibration was first checked using the flow test 
data) collected ‘ongMarchs7, 19864 tArilowvinput of'1.62 mgd 
was assumed at Yaw Yaw, the water surface elevation in Wool- 
ston Reservoir was set at 4,315.6 (actual measured elevation), 
and the system demands. were set at 1.62 mgd. The calculated 
pressure at Yaw Yaw using the model was within 2 percent of 


the measured pressure. 


The following criteria were used to size the new pipeline: 


Tenmile Reservoir Water Surface Elevation 4411.6 
Woolston Reservoir Water Surface Elevation 4318.4 
System Demands, mgd H2e3 
Pipe, Hazen-Williams roughness factor 130 


The required pipe diameter for the future condition is 33 inches. 


The analysis did not include the two 16-inch pipes. 


The letter report by CH2M HILL (June 21, 1985) recommended 


retaining in service the existing 24-inch steel pipeline 
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where the pipeline is not within the highway right-of-way. 
Recent tests made by the Water Department indicate that there 
currently is no major leakage in the upper 2 miles of the 
24-inch pipe that is not in the highway right-of-way. There- 
fore, it is recommended that the upper 2 miles of the 24-inch 
steel pipe be retained and the lower 3 miles within the high- 
way right-of-way be replaced with a new 33-inch diameter 
pipeline. Also, the two 16-inch pipelines should remain in 
service since they still have greater than 20 years of useful 
cies Assuming (2) miles* or’ 24-inch steel pipe, 3 miles ‘of 
33-inch pipe, and the two 16-inch pipes, the capacity of 

this Tenmile transmission pipeline system would be approxi- 


mately 11 mgd. 
EXTERNAL CORROSION CONTROL 


A report by CH2M HILL (May 10, 1983) presented the results 
of a corrosion evaluation of the three existing transmission 


pipelines within the Highway 12 right-of-way. 


In that report it was recommended that a cathodic protection 
system be installed for the 16-inch steel pipeline if the 
pipeline were to remain in service. The following paragraphs 
describe the recommended cathodic protection system for the 
16-inch steel pipeline within the highway right-of-way and 
outside the highway right-of-way. 


Highway Right-of-Way 


Approximately 16,900 lineal feet of the pipeline are in the 
highway right-of-way. Previous testing indicates that soil 
is moderately corrosive along approximately 10,000 lineal 
feet of this pipeline (approximately Highway Station 910+00 
towStation 1010+00)— “The remaining portion of this area is 
only mildly corrosive. Excavations of the 16-inch cast iron 
and steel lines (CH2M HILL, May 10, 1983) indicated that the 


Pere. 
wd +7! 9G La @e.de& 
‘oom abit 


ot 


tie Solpene € 


7 agerg USeel ¢ oe * 
i) Whe Cae oie % . 
€e'r> U Pee * 


4 


ee : Ce : 
ah | ee ar oy ene 


he leu rT . 


cast iron line was in good condition with minor corrosion 
damage. Electrical measurements made during the 1983 study 
indicated that there was active corrosion occurring on the 
16-inch steel line, and external pitting was observed at 


defects in the coating. 


Complete cathodic protection of the 16-inch steel line should 
be considered in the highway right-of-way to minimize future 
Corrosion leaks. The cathodic’ protection current can most 
economically be provided by two impressed current cathodic 


protection stations. 


Each cathodic protection station (CPS) would consist of a 
rectifier and surface groundbed. The rectifier converts ac 
CULTeneeconac current. | The de’ current goes: from the ground- 
bed to the pipe through the soil. The groundbed would be 
located approximately 500 feet remote from the pipeline. 

The electrical circuit is completed as the dc current re- 
turns to the rectifier via the pipeline. The pipeline must 
be electrically continuous to allow the current to return to 
the rectifier without causing damage to the pipeline at dis- 


continuous joints (joints that are not electrically connected). 


Approximately 17 test stations will be required at 1,000-foot 
intervals along the pipeline to allow testing for electrical 
continuity and to monitor the cathodic protection system. 
Color-coded test station wires would be installed to both 
the 16-inch cast iron line and to the steel lines. The test 
station would be located directly over the 16-inch steel 
line. Connection of wires to the cast iron line will allow 
interference testing and mitigation to be conducted. The 
test stations can be installed either by city or contractor 
crews. Following completion of the test station install- 
ations, testing should be conducted on both 16-inch lines to 
determine if any joint bonds are required to provide elec- 
trical continuity. At this time, further current require- 


ment and design tests, including site selection of the 


7-5 


sible 403 
: age sta ni Sa, 


: * . 
_ — 
i 


or % ai? wig Teed 
eee tg ee 


sy iad tah wane 


| ‘Kage ts 
if I5hw ead 


cathodic protection systems, can be conducted. The type, 
location, and size of the cathodic protection system can be 
designed from this additional field information. The CPS 
can be constructed either by city or contractor crews. It 
is anticipated that two new 16.5- by 1,000-foot rights-of- 


way will be required for the groundbeds. 


Following construction of the cathodic protection system, 
energizing and adjustment should be scheduled. This should 
include interference and mitigation testing to assure that 
the cathodic protection system is not causing damage to the 
existing cast iron line. Cathodic protection of the cast 
iron line is not recommended at this time based on existing 


information. 


Water Treatment Plant to Highway Right-of-Way 


Complete cathodic protection of the 16-inch and 24-inch 
steel lines is not recommended from the proposed treatment 
plant site to Highway Station 880+00. The soil conditions 
[OmecnemmagOreportiony of the route are not corrosive. - Hot- 
spot protection can be provided to corrosive areas on a re- 


quired basis. 


We recommend that test stations be installed at 2,000-foot 
intervals to allow electrical testing to determine the areas 
that should be protected. During this testing, the most 
economical type of protection and the amount of piping that 


should be protected can be determined. 


Based on visual evaluation of the parallel pipe routes, it 
is anticipated that less than 10 percent of the 16-inch and 
24-inch steel pipeline distances will require protection. 

No soil resistivity testing was previously conducted for 
this area. It has been assumed that the cast iron main will 


not require protection. Cathodic protection of the 24-inch 


bare steel line is not recommended because of the high cost 
and amount of current required for protection and the anti- 
cipated mildly corrosive soil conditions. Following install- 
ation of the test stations and collection of additional soil 
resistivity information, it will be possible to evaluate the 


type of protection required for the 24-inch steel pipeline. 
BOOSTER PUMP STATION 


As previously discussed in this section, construction of a 


booster pump station at Yaw Yaw is not recommended. 
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Section 8 
COST ESTIMATES AND SCHEDULE 


This section presents budget-level construction cost esti- 
mates for the Tenmile Creek WTP, reservoir cover, and trans- 
mission pipeline. A preliminary construction cost estimate 
is presented for a conventional WTP. All costs are presented 
in both March 1986 dollars and mid-point of construction 
dollars. Operation and maintenance costs are presented for 
both the proposed WTP and a conventional WTP. A present 
worth analysis is shown to compare the total costs of the 
proposed WTP to a conventional WTP. A present worth anal- 
ysis for the new transmission pipeline and previously pro- 
posed pump station is presented to show that the pipeline is 
also the most cost-effective project as compared to the pump 
station. A proposed schedule for the project is developed 


in this) section. 


The cost estimates presented, and any resulting conclusions 
on project financial or economic feasibility or funding re- 
quirements, have been prepared for guidance in project eval- 
uation and implementation from the information available at 
the time of the estimate. The final costs of the project 
and resulting feasibility will depend on actual labor and 
material costs, competitive market conditions, actual site 
conditions, final project scope, implementation schedule, 
continuity of personnel and engineering, and other variable 
factors. As a result, the final project costs will vary 
from the estimates presented herein. Because of these fac- 
tors, project feasibility, benefit/cost ratios, risks, and 
funding needs must be carefully reviewed prior to making 
specific financial decisions or establishing project budgets 
to help ensure proper project evaluation and adequate fund- 


ing. 


CAPITAL COSTS 
WATER TREATMENT PLANT 


Preliminary capital costs were prepared for the following 


four WTP alternatives: 


Dg Contact adsorption clarification - gravity mixed- 


media filters, as described in Section 5. 


2% Contact adsorption clarification - gravity mixed- 
media filters using the Microfloc Tricon package 


modules. 


She Contact adsorption clarification - gravity mixed- 
media filters using Microfloc Trident package plant 


units. 


4. Conventional complete treatment plant utilizing 
flocculation and sedimentation in place of the 


contact adsorption clarification process. 


Construction costs were inflated to the start of construction 
using a cost escalator of 5 percent per year. Beyond the 
start of construction it was assumed that interest on the 


construction fund would be equal to or greater than inflation. 


CAGE GravityeMixed=Media ‘Filters 


The preliminary capital cost estimate for the initial 9-mgd 
WTP, as described in detail in Section 5, is shown in Ta- 
ble 8-1. The estimated total capitai cost as of July 1987 
(projected start of construction) is $6,917,000. 


" Tigagenptn 
Dee 
Sy ty . 


Table 8-1 
TENMILE CREEK WATER TREATMENT PLANT 
PRELIMINARY CAPITAL COST ESTIMATE* 
CONTACT ADSORPTION CLARIFICATION WTP 


Item Cost 
Sitework 5 =1007 000 
Headworks (Overflow and Screen Boxes) 90,000 
Rapid Mix 20,000 
Filters 610,000 
Contact Adsorption Clarifiers 57.0,000 
Chemical Feed & Storage Systems 420,000 
Building (Filters, CAC, Chemical, & Operations) 618,000 
Plumbing 140,000 
Electrical, Instrumentation & Control 610,000 
HVAC 145,000 
Waste Washwater Surge Basin & Pump Station 208,000 
Waste Washwater Recovery Basins 226,000 
Sludge Lagoons, Piping, & Decant Pump Station 143,000 
Influent Pipe 9570100 
Effluent Pipe 145,000 
Yard Piping 63,000 
Beaver Creek Facility 22,000 
Reservoir Cover 325,000 


SUBTOTAL 
Mobilization, Insurance, and Bonds (5%) 
CONSTRUCTION COST ESTIMATE (March 1986) 
CONSTRUCTION COST ESTIMATE (July 1987) 


Contingencies (15%) 


SUBTOTAL $5,842,000 
Engineering - Design (6.0%) 35 15,000 
Engineering - Construction (6.4%) 374,000 
Legal & Administrative (3%) 175.000 
Financing (33%) 175), 010.0 
ESTIMATED TOTAL CAPITAL COST $6,917,000 


$4,550,000 
228,000 
$4,778,000 
5,080,000 


762,000 


“costs shown are for a 9-mgd WTP as described in Section 5. 


Construction costs inflated at 5 percent per year to start 


Of construction. 
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Tricon Alternative 


A similar cost estimate for the proposed 9-mgd WTP was pre- 
pared assuming the use of Microfloc's Tricon module system. 
This package module system was described in Section 4. The 
estimated July 1987 total capital cost is $6,965,000 (see 
Table 8-2). There does not appear to be any significant 
capital cost savings using the Tricon package module system 


forsthis plant’ 


Trident Package Plant Alternative 


A cost estimate for the proposed 9-mgd WTP was prepared assum- 
ing the use of Microfloc's Trident package units. These 
package units consist of rectangular steel tanks containing 
the CAC unit and 30-inch-deep mixed-media filter. The CAC 
unit is designed to operate at 10 gpm/SF and the filter at 

5 gpm/SF. Three 3-mgd package units were assumed for the 
Tenmile Creek WTP. The estimated July 1987 total capital 

cost is $6,869,000 (see Table 8-3). 


This alternative is less expensive than the proposed WTP 
described in Section 5. The advantages and disadvantages of 
using the package units are similar to those discussed in 
Section 4 for the Tricon module system. Therefore, it is 


not recommended to use the Trident package plant alternative. 
Conventional Treatment 


A preliminary capital cost estimate was prepared for a con- 
ventional complete treatment plant and is presented in Ta- 
ble 8-4. The cost estimates for the flocculation/sedimen- 
tation basins were made based on the following design crite- 


ria: 


‘ ™ oe 
r dye eee a 


‘ 0) . ot Sid 


‘ , <a . 
it) 2 ¢:. 7Oer; 


7 


ee Ot ) Meg Ms 
he 

66 BURN, OFM, 

i : 


rn T 


Table 8-2 
TENMILE CREEK WATER TREATMENT PLANT 
PRELIMINARY CAPTIAL COST ESTIMATE 
STANDARD TRICON CAC WTP ALTERNATIVE? 


Item Cost 
Sitework a “100,000 
Headworks 90,000 
Rapid Mix 20,000 
Filters/CAC (Tricon) 1250, 000 
Chemical Feed & Storage Systems 420,000 
Building (Filters, CACs, Chemical, & Oper- 
ations) 590,000 
Plumbing 140,000 
Electrical, Instrumentation & Control 630,000 
HVAC 130,000 
Waste Washwater Surge Basin & Pump Station 208,000 
Waste Washwater Recovery Basins 226,000 
Sludge Lagoons, Piping, & Decant Pump Station 143,000 
Influent Pipe 95,000 
Effluent Pipe 145,000 
Yard Piping 63,000 
Beaver Creek Facility 22,000 
Reservoir Cover 325,000 
SUBTOTAL $4,598,000 
Mobilization, Insurance, and Bonds (5%) 230,000 
CONSTRUCTION COST ESTIMATE (March 1986) $4,828,000 
CONSTRUCTION COST ESTIMATE (July Weve be Py ki S410 00) 
Contingencies (153%) 270,000 
SUBTOTAL $5,903,000 
Engineering - Design (5.8%) 342,000 
Engineering - Construction (6.2%) 366,000 
Legal & Administrative (3%) 177,000 
Financing (3%) 177,000 
ESTIMATED TOTAL CAPITAL COST $6,965,000 


“Costs shown are for a 9-mgd WTP utilizing Microfloc's 
Tricon module construction. 


Pconstruction costs inflated at 5 percent per year to start 
of construction. 
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Table 8-3 


TENMILE CREEK WATER TREATMENT PLANT 
PRELIMINARY CAPTIAL COST ESTIMATE 
STANDARD TRIDENT PACKAGE PLANT® 


een 


Sitework 

Headworks 

Rapid Mix 

Trident Units (Three 3-mgd Modules) 

Chemical Feed & Storage Systems 

Building (Trident units, Chemical, & Oper- 
ations) 

Electrical, Instrumentation & Control 

HVAC 

Plumbing 

Waste Washwater Surge Basin & Pump Station 

Waste Washwater Recovery Basins 

Sludge Lagoons, Piping, & Decant Pump Station 

Influent Pipe 

Effluent Pipe 

Yard Piping 

Beaver Creek Facility 

Reservoir Cover 


SUBTOTAL 
Mobilization, Insurance, and-Bonds (5%) 
CONSTRUCTION COST ESTIMATE (March 1986) 
CONSTRUCTION COST ESTIMATE (July 1987) 
Contingencies (15%) 
SUBTOTAL 
Engineering - Design (5.03%) 
Engineering - Construction (5.8%) 
Legal & Administrative (3%) 


Financing (33%) 


ESTIMATED TOTAL CAPITAL COST 


$ 


Cost 


100,000 
90,000 
20,000 


1,240,000 


420,000 


59:0;,.0.00 
620,000 
135,,000 
140,000 
208,000 
226,000 
143,000 

95,000 
145,000 

63,000 

22,000 


325,000 


$4,582,000 


229,000 


$4,811,000 


Dig deb 00 


767,000 


$5,882,000 


294,000 
341,000 
176,000 


176,000 


$6,869,000 


“costs shown are for a 9-mgd WTP utilizing Microfloc's 


Trident package units. 


Dconstruction costs inflated at 5 percent per year to start 


of construction. 
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Table 8-4 
TENMILE CREEK WATER TREATMENT PLANT 
PRELIMINARY CAPITAL COST ESTIMATE 
CONVENTIONAL COMPLETE TREATMENT PLANT 


Item Cost 

Sitework . Saw 3 OOO 
Headworks 83,000 
Rapid Mix 20,000 
Filters b 5537,.000 
Flocculation/Sedimentation Basins 172507000 
Chemical Feed & Storage Systems 440,000 
Building (Filters, Chemical, & Operations) 433,000 
Plumbing 140,000 
Electrical, Instrumentation & Control 655,000 
Waste Washwater Surge Basin & Pump Station 200,000 
Sludge Lagoons, Piping, & Decant Pump Station 200,000 
Influent Pipe 80,000 
Effluent Pipe 162,000 
Yard Piping 90,000 
Backwash Pump Station & Pipes 1977000 
Beaver Creek Facility 22,000 
Reservoir Creek 32517000 

SUBTOTAL $4,985,000 
Mobilization, Insurance, and Bonds (5%) 249,000 

CONSTRUCTION COST ESTIMATE (March 1986) $5,234,000 

CONSTRUCTION COST ESTIMATE (July nO way= 5,564,000 
Contingencies (153%) 835,000 

SUBTOTAL $67,399,000 
Engineering - Design (6.5%) 416,000 
Engineering - Construction (6.5%) 416,000 
Legal & Administrative (33%) 492°, 000 
Financing (3%) rg2,000 
ESTIMATED TOTAL CAPITAL COST $75,.6457,000 


“costs shown are for a 9-mgd conventional complete treat- 


ment WTP with gravity, mixed-media filters. 


> locculation/sedimentation basins sized for 11.3 mgd 


future design flow. 


“Construction costs inflated at 5 percent. per year to start 


One CONStriucrion. 
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Design Flow: 11.50 mgd 

Number of Basins: 2 

Flocculation Detention Time: 30 minutes 
Flocculation Stages: 3 

Flocculators: Horizontal paddle wheel 
Sedimentation Detention Time: 60 minutes 
Average Overflow Rate: 1.52 gpm/SF 

Tube Settler Module Area: 3,750 SF 


The estimated July 1987 capital costs for a conventional 
complete treatment plant are $7,615,000. This cost is 
$698,000 greater than the estimated cost for the proposed 
CAC plant. The cost estimates for the conventional plant 
assume gravity mixed-media filters as described in Sec- 
tion 5. The filter complex would be sized for 9 mgd; how- 
ever, the flocculation/sedimentation basins would be sized 
for the future design flow of 11.5 mgd since it is not 


feasible to expand these units by a small increment of flow. 


TRANSMISSION PIPELINES AND YAW YAW BOOSTER PUMP STATION 


Transmission Pipe line 


A preliminary capital cost estimate for 17,000 lineal feet 
of 33-inch-diameter transmission pipeline is presented in 
Table 8-5. The cost estimate assumes a lined and coated 
steel pipe protected using the same cathodic protection sys- 
tem to be provided for the 16-inch steel pipeline. Alter- 
nate pipe materials should be investigated during final de- 
sign. The estimated total capital cost for the pipeline is 
p25, L09 7,000. 
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Table 8-5 
TENMILE CREEK TRANSMISSION PIPELINE 
PRELIMINARY CAPITAL COST ESTIMATE® 


Item COSt 
Trench Excavation, Pipe Bedding, & Trench 
Backfill 
Tip OO, LES OL $1 2..00/ LE $ 204,000 


33-Inch-Diameter Pipe & Installation 


17,000 LF @ $67.40/LF 146,000 
Valves, Fittings, Appurtenances, & Misc. 120,000 
SUBTOTAL $1,470,000 
Mobilization, Insurance, and Bonds (5%) 74,000 
CONSTRUCTION COST ESTIMATE (March 1986) $1,544,000 
CONSTRUCTION COST ESTIMATE (July fosvjc 1,641,000 
Contingencies (153%) 246,000 
SUBTOTAL $1,887,000 
Engineering - Design (6.03) iC one en) 
Engineering - Construction (4.0%) 75,000 
Legal & Administrative (33) ey ON, 
Financing (3%) Dp O00 
ESTIMATED TOTAL CAPITAL COST Se loo, 000 


“construction costs inflated at 5 percent eas year to 
approximate start of construction. 
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Booster Pump Station 


Preliminary capital costs were prepared for the previously 
proposed booster pump station at Yaw Yaw. The costs are 
shown in Table 8-6. The following criteria were used in 


estimating the pump station costs: 


Pump station capacity - 10.6 mgd 
(7,400 gpm) 


Pumps - 
2.—= 3,/00 gpm, 450-hp pumps 
Lt - 2,400 gpm, 300-hp pump 
ei OO Oe, 6 25.0 =p, pump 


Surge control tanks - suction and discharge 
Reduced voltage motor starters 


The estimated total capital cost for the booster pump station 
is $1,082,000. 


External Corrosion Control 


Capital cost estimates for the proposed cathodic protection 
systems to protect the existing 16-inch steel pipeline and 
24-inch steel pipeline are presented in Table 8-7. Costs 
for corrosion protection of the new 33-inch pipeline are 
included in the capital cost of that pipeline; however, the 
two CPS stations proposed for the 16-inch steel pipe will 
also serve to protect the 33-inch pipeline. Costs for the 
cathodic protection stations are not included in the 33-inch 
pipeline costs. The estimated total capital costs for 


external corrosion protection are $106,300. 


‘ G 
‘% 
: 7 ‘ . : fon rf 
& hd r : x : 
oe ae Pp “A F peel ‘ i : 
c ! ae Pal 
Ray ; tare. 
7» RA tke bef X Ab 
ir Late , 
Vals iy on " Lh ’ ia? Pe 


ines tie na: 


. a anew ‘ 


i 
y 


4 n f 
he ‘ .' = a ey 
il at i Mose 


Ber 6 | + fohlgn 


,: 


Table 8-6 
YAW YAW BOOSTER PUMP STATION 
PRELIMINARY CAPITAL COST ESTIMATE 


Item Cos.G 

Piping $ 70,000 
Valves 90,000 
Pumps 86,000 
Electrical, Instrumentation & Control 240,000 
Building & Concrete L105 000 
Surge Control Systems 90,000 
Sitework, Excavation, & Backfill 20,000 

SUBTOTAL $ 706,000 
Mobilization, Insurance, and Bonds (5%) 357 700.0 

CONSTRUCTION COST ESTIMATE (March 1986) S$) 7417000 

CONSTRUCTION COST ESTIMATE (July 1987) ° 788,000 
Contingencies (15%) 118,000 

SUBTOTAL $ 906,000 
Engineering - Design (7.5%) 68,000 
Engineering - Construction (6.0%) 54,000 
Legal & Administrative (33%) 27,000 
Financing (3%) 215,000 
ESTIMATED TOTAL CAPITAL COST Dyce, 000 


“construction costs inflated at 5 percent per year to 
approximate start of construction. 
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Table 8-7 
PIPELINE EXTERNAL CORROSION CONTROL 
PRELIMINARY CAPITAL COST ESTIMATE 
Item Cost 


16-inch Steel Pipe - Highway Right-of-Way* 


Test Station (17) $ 6,200 
Joint Bonds (10) 27100 
CPS Stations (2) 28,600 


16-inch Steel Pipe - Above Highway? 


Test Stations (10) with 20 Magnesium 
Anodes 9,000 


24-inch Steel Pipe - Above Highway” 


Test Stations (10) with 40 Magnesium 


Anodes 18,000 
SUBTOTAL $ 63,900 
Mobilization, Insurance, and Bonds (5%) 3200 
CONSTRUCTION COST ESTIMATE (March 1986) $67,100 
CONSTRUCTION COST ESTIMATE (July 1987)* a OG 
Contingencies (15%) 10,700 
SUBTOTAL $3253.00 
Engineering - Design & Construction 19,000 
Legal & Administrative (33%) 275.00 
Financing (33%) 2,500 
ESTIMATED TOTAL CAPITAL COST $106,300 


“complete cathodic protection of 16,800 feet of 16-inch steel 
pipeline within highway right-of-way. 


DuHot-spot" protection assumed for 10 percent of approximately 
10,700 feet of pipe between Tenmile WTP and highway right-of- 
way. 


“construction costs inflated at 5 percent per year to the 
approximate start of construction. 
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OPERATION AND MAINTENANCE COSTS 
WATER TREATMENT PLANT 
Operation and maintenance (O&M) costs were prepared for the 
proposed WTP utilizing the CAC process as described in Sec- 


tion 5 and for a conventional complete treatment WTP. 


O&M costs were divided into the following major components: 


Hs Labor 

2% Chemicals 

thy Power 

4, Maintenance, repairs, and replacement 
Die Miscellaneous 


All O&M costs were estimated for the first year of operation. 
Unit costs were based on an estimated first year production 
of 2,140 MG. O&M costs can be expected to increase each 


year as the flow through the plant increases. 


Labor 


Estimated labor costs for the Tenmile Creek WTP utilizing 
the proposed CAC process is shown in Table 8-8. The costs 
shown are for operation of the treatment plant only and do 
not include the operation and maintenance of the raw water 
supply system or transmission pipelines. .Labor rates are 


based on existing labor rates inflated by 5 percent per year. 
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Table 8-8 
TENMILE CREEK WATER TREATMENT PLANT 
ESTIMATED LABOR costTs® 


Monthly 
Salary 
Position Number ($/month) Annual Cost 

Plant Superintendent 170 $2,300 $ 27,600 
Operators? 3.4 LE See 617,200 
Maintenance® pe wt D 1,600 9,600 
Subtotal $ 98,400 
Payroll Burden @ 24% 23,600 
Total Annual Cost S225 000 


“projected £Ome 1939.. 


Includes routine maintenance, laboratory, and vacation, 
holidays, and sick leave. 


c : : ; : ; 
Non-routine maintenance for electrical, instrumentation 
and controls, and miscellaneous. 


Labor requirements for the WTP O&M are based on the follow- 
ing staffing assumptions. The actual labor requirements 
will depend on the level of operation and maintenance se- 
lected by the City. 


fe) The Tenmile Creek WTP will have a full-time plant 
superintendent. 
fe) The WTP will be staffed for at least 8 hours per 


day (day shift) 365 days per year. 


fe) During the week days (5 days per week) the day 


shift will be staffed using two operators. 


fe) During the weekend (2 days per week) the day shift 


will be staffed using one operator. 
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fo) During 5 months of the year (May, June, July, Au- 
gust, and September) the plant will be staffed 


using one operator on a second night shift. 


fe) Thirty days per year for vacation, holidays, and 


sick leave. 


The estimated labor costs for the proposed CAC WTP are $122,000 
per year. The labor costs for the conventional WTP are pro- 
jected to not be significantly different from the labor costs 
LOreaRgcAc, WEP:, 


Chemical Costs 


Chemical costs for the proposed CAC WTP and for a conven- 
tional WTP are shown in Table 8-9. Chemical costs for alum, 
PAC, potassium permanganate, and chlorine are based on cur- 
rent prices paid by the City, inflated by 5 percent per year. 
Costs for the other chemicals are based on supplier quotes, 


inflated at 5 percent per year. 
Power Costs 


Estimated power costs for the proposed CAC WTP and a conven- 
tional WTP are shown in Table 8-10. Power costs are esti- 
mated using Montana Power Company's current commercial rate 
schedule, adjusted for an August 1986 rate increase of 7.1 per- 
cent, and inflated at 5 percent per year to the first year 

of plant operation. The average power costs also take into 
account Montana Power Company's differential winter and sum- 
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PROPOSED TREATMENT PLANT (CAC - GRAVITY FILTERS) 


Chemical 


Cationic polymer 
Nonjonic polymer 


PAC 


: c 
Potassium permanganate 
Corrosion inhibitor 


Chlorine 


Sodium eulorites 
Sodium hydroxide 


a 


b 


Table-8=9 


Average Dosage 


mg/L 1b/MG 
ald, Zo 
0.05 0.42 
BO 41.7 
Ae 8.34 
2.0 INS yes 7 
350 25750 
- aLiks 
3.20 25 


Assumed 180 days use per year. 


“assumed 60 days use per year. 


¢. ssumed zinc orthophosphate. 


TENMILE CREEK WATER TREATMENT PLANT 
ESTIMATED CHEMICAL costs* 


$/1b 


0597 
J O0 
0.48 
i336 
0.66 
0.14 
in 20 
0.08 


Cost 
$/year 


$ 51,900 
3,150 

ai 120 
4,050 
23,590 
7,490 
23,660 
4,280 


$139,240 


($65.07 per MG) 


Estimated for 1988 chemical prices and 2,140 MG annually. 


CONVENTIONAL TREATMENT PLANT (FLOCCULATION - SEDIMENTATION - GRAVITY 


FILTERS 


Chemical 


Liquid alum 


Cationic polymer 
Anipnic polymer 
Cc 


PA 


: c 
Potassium permanganate 
Corrosion inhibitor 


Chlorine 


Sodium chlorite 
Sodium hydroxide 


© 


b 


Average Dosage 


mg/L 1b/MG 

20 209 
ct 8.34 
tee les) UE Aes) 
5.0 41.7 
LO 8.34 
260 Gree 
350 Phone) 
- ase 
220 iaees 


Assumed 180 days use per year. 


“Assumed 60 days use per year. 


SAeeumed zinc orthophosphate. 
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Cost 
$/year 


$ 35,780 
U7 300 
9,360 
2175120 
4,050 
23,590 
7.490 
23,660 
12,860 


2155,,210 


($72.53 per MG) 


Estimated for 1988 chemical prices and 2,140 MG annually. 
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Table 8-10 
TENMILE CREEK WATER TREATMENT PLANT 
ESTIMATED O&M costs? 


CACs - Gravity Filters Conventional WTP 


Annual Unit Annual Unit 

Cost Cost Cost Cost 

Item ($/yr) ($/MG) ($/yr) ($/MG) 
Labor $122,000 Sa 54,08 $122,000 Seon. Ok 
Chemicals 139,240 65.07 PSS 7210 hE SCOS 
Power 62,690 29.29 64,620 30.20 

Maintenance, Repair, and 

Replacement 37,140 36 40,480 18.92 
Miscellaneous 5,000 2) Syl 5), OOO PR SIA 
$366,070 Sal 7k OY SIS ASG $181.00 


“Costs are estimated for first year of operation and an annual pro- 
duction of 2,140 MG. 


Power requirements are determined by first estimating the 
horsepower or kilowatt load of all equipment, adjusting the 
load for efficiency of the motor or device, determination of 
the running time, and then calculation of the power use in 
kilowatt hours (kWh). Demand was calculated based on the 


maximum load expected at one time. 


Power costs for the CAC WTP are estimated to be $62,690 for 
Pi@eot. ou CameOLeOperation.. Power! costs) for a conventional 


WTP are estimated at a slightly higher annual cost of $64,620. 


Maintenance, Repairs, and Replacement 


The annual cost for maintenance, repairs, and replacement is 
estimated based on 0.7 percent of the estimated June 1988 


CONSETructiLon,cost. 
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Miscellaneous 


Miscellaneous includes items such as telephone, lab supplies, 
janitorial supplies, and outside laboratory. A budget of 


$5,000 per year was used for this category. 


Total O&M Costs 


The total O&M cost for the proposed CAC plant and a conven- 
tional plant are shown in Table 8-10. The CAC plant is esti- 
mated to result in an annual savings of $21,240 (approxi- 
mately $10 per MG treated) as compared to the conventional 


plant during its first year of operation. 


TRANSMISSION PIPELINES 


The impressed current cathodic protection system for the 
existing 16-inch and proposed 33-inch steel pipelines re- 
quire routine maintenance and power. The annual O&M costs 
for the cathodic protection system are estimated to be $2,900 


for the first year of operation. 

BOOSTER PUMP STATION 

Annual O&M costs for the booster pump station are presented 
here for the purpose of performing a present worth analysis 
to compare the pump station costs to the pipeline costs. 


Pump station O&M costs were based on the following criteria: 


First year of operation - 


Gallons pumped 1,274 MG 
Average discharge head Sion omhe 
Average power requirement 1,326 kWh/MG 
Miscellaneous power requirements 51,000 kWh/yr 
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Labor - operation Lemar y yt 


Maintenance, repairs, and 0.3 percent 
replacement of construction 
cost 


Table 8-11 shows the estimated O&M costs for the first full 


year of operation. 


Table 8-11 
ANNUAL O&M COSTS FOR BOOSTER PUMP STATION 
Item Cost 
Labor PA a OLD 
Power (Includes Demand Charges) 62,400 
Maintenance, Repairs, & Replacement 27 O00 
ANNUAL O&M COST (1989) $67,100 


PRESENT WORTH ANALYSES 
INTRODUCTION 


A present worth analysis was performed to compare the pro- 
posed CAC water treatment plant to a conventional water treat- 
ment plant. Also, a present worth analysis was performed to 
compare constructing 17,000 feet of 33-inch-diameter pipeline 


to constructing a 10.6-mgd booster pump station. 


Each present worth analysis was performed at five different 
nominal interest rates using a cost escalator of 5 percent 
per year. The project cost assumptions and annual cash flows 


are shown in Appendix A, Tables A-1 through A-4. 
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PIPELINE-PUMP STATION 


The results of the pipeline-pump station present worth anal- 
ysis are shown in Table 8-12. It was assumed that the volume 
pumped increased by 11.8 MG per year. At the end of 20 years 
the pump station was assumed to have no salvage value since 

its capacity would no longer meet the demands of the system 

and a new pipeline would be required to replace the pump 
station. The salvage value for the pipeline at the end of 

20 years was assumed to be equal to three-fifths of its ori- 
ginal cost. This assumes a 50-year useful life and a straight 
line depreciation. The pipeline salvage value was not inflated 


so as to not overly influence the analysis. 


Tabtens 2a) 
TENMILE CREEK WATER TREATMENT PLANT 
PIPELINE-PUMP STATION PRESENT WORTH ANALYSIS 
SENSITIVITY ANALYSIS AT SELECTED NOMINAL INTEREST RATES 


Option 7.5 Percent 8.0 Percent 8.5 Percent 9.0 Percent Onomnercent 
Pipeline $1,631,278 Sin OZ Sis $1,623,088 SI OO. 396 $1,608,277 
Pump Station 1,775,500 13 712,710 1,653,836 1,598,561 1,546,599 
DIFFERENCE S 144,222 S$ 84,578 Sa 30,748 § (17,835) § (61,678) 


Based on the assumptions previously discussed, the pump sta- 
tion would be slightly more cost-effective at nominal inter- 
est rates of 9.0 percent or greater. The analysis does show, 
however, that building the pipeline now is not significantly 
more expensive than building a pump station. The additional 
costs over 20 years ($18,000 to $62,000) may not be signif- 
icant when one considers that the pipeline will most likely 
serve Helena for a period greater than 50 years. Also, it 
is likely that power costs will increase at an annual rate 
greater than 5 percent. For example, if a cost escalator of 
6 percent per year were used, the pipeline would be more 


cost-effective at all nominal interest rates. 
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WATER TREATMENT PLANTS 


The results of the present worth comparison between the CAC 
WTP and the conventional WTP are shown in Table 8-13. In 
order to make the analysis, an additional $162,000 was added 
POecioeManchi ee. Jo0" CONStruccion Cost tor the CAC option to 
cover the cost of an additional CAC unit, thus making the 
capacity of the CAC units equal to that assumed for the 


flocculation-sedimentation basins (approximately 11.5 mgd). 


Table 8-13 
TENMILE CREEK WATER TREATMENT PLANT 
WATER TREATMENT PLANT PRESENT WORTH ANALYSIS 
SENSITIVITY ANALYSIS AT SELECTED NOMINAL INTEREST RATES 


Option 7.9 Percent 8.0 Percent 8.5 Percent 9.0 Percent 9.5 Percent 
CAC $10,490,985 SLO, Son s50 SEI I6 5935 $ 9,480,116 $9,181,344 
Conventional 11,254,567 10,863,804 10,496 ,807 10,151,657 9,826,611 
DIFFERENCE $§ 763,582 $§ 730,474 SS Goa $ 671,541 $ 645,267 


The analysis also took into account major repairs or equip- 
ment replacement at the end of 20 years for the CAC units 
and flocculation-sedimentation basins. For the CAC WTP it 
was assumed that the CAC media would be replaced, the tanks 
painted, the washwater recovery basin sludge collectors re- 
placed, and the washwater recovery pumps replaced. For the 
conventional WTP, the sedimentation basin sludge collection 
mechanisms and the flocculator drives and bearings were 


assumed to be replaced. 


The present worth analysis indicates that the CAC WTP will 
save $645,000 to $764,000 over the next 20 years. The CAC 
WTP option is more cost-effective than the conventional WTP 


Option. 
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COST SUMMARY 


A summary of both capital and O&M costs. for the WTP and pipe- 
line are shown in Table 8-14. This cost summary does not 
include the Chessman Dam rehabilitation. Dam rehabilitation 
costs are included in the financial study, which is not a 


part of this report. 


PROJECT SCHEDULE 


The project schedule is shown in Figure 8-1. The design, 
advertisement, bidding, and award of the water treatment 
plant is proposed to be complete by July 1, 1987. Con- 
struction would take place over a 24-month period with the 


WTP operational by August 1989. 


The design, advertisement, bidding, and award of the pipe- 
line project is proposed to be complete by May 1, 1987. 
Construction would take place over a 6-month period with the 


pipeline operational by November 1987. 


The above schedule outline assumes project financing is ob- 
tained by May 1, 1987. 
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Table 8-14 
TENMILE CREEK WATER TREATMENT PLANT 
PROJECT COST SUMMARY 


Item Se Cost 
CAPTIAL costs* 
Water Treatment Plant $6,917,000 
Transmission Pipeline Zip ue? , 000 


Pipeline External Corrosion 


Protection 106,300 
TOTAL ESTIMATED CAPITAL COST $922, 300 
ANNUAL O&M costs? 
Water Treatement Plant $136.7, 100 
Pipeline Corrosion Protection 
System 2p 00 
TOTAL ESTIMATED ANNUAL O&M COSTS Sew 0000 


“capital costs inflated at 5 percent per year to the start 
of construction. Costs include contingencies, engineering, 
legal, administrative, and financing costs. 


DO eM costs are for the first full year of operation. 
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Figure 8-1 


PRELIMINARY PROJECT SCHEDULE epee 
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Figure 8-1 
PRELIMINARY PROJECT SCHEDULE 


TENMILE CREEK WATER TREATMENT PLANT 
PRELIMINARY ENGINEERING REPORT 
CITY OF HELENA, MONTANA 
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Appendix A 
PRESENT WORTH ANALYSIS 
COST ASSUMPTIONS AND ANNUAL 
CASH FLOWS 


Table A-1 

TENMILE CREEK WATER TREATMENT PLANT 
PRELIMINARY ENGINEERING REPORT 

PIPELINE - Cume STATION PRESENT WORTH 

PROJECT COST ASSUMPTICNS 


ASSUMP T UNS 


Construction Pericd 

Year of Construction 

First Full Year of Gperation 

Cost Escalator 

Project Cost (Pineline) 
Construction Cost (current) 
Contingency (15%) 


Subtotal 


Engineering Design (6. 4%) 
Engineering Construction (4. 8A) 
Legal & Admin. (3%) 

Financing (3%) 


Total Cost (current) 

Project Cost (Pump Station) 
Construction Cost (current) 
Contingency (15%) 

Subtotal 
Engineering Design (7.5%) 
Engineering Construction (6. 8%) 
Legal & Admin. (3%) 


Financing (3%) 


Total Cost (current) 


ANHLYSIS 


HMUUN T 


$1,544, 8d 
Sedc, He 


$1, 776, Wed 


$107, 0” 
$71, 062 
$53, O68 
$53, 6d 


$2, 86d, Woe 


$741, ee 
$111, G80 


$c, UE 


$64, B00 
51. uu 


$1,219, vee 


Table A-2 : 


TENMILE CREEK WATER TREATMENT PLANT 
PRELIMINARY ENGINEERING REPORT 


PIPELINE - PUMP STATION PRESENT WORTH ANALYSIS 


ANNUAL CASH FLUWS 


YEAR CAPITAL 
1986 $0 
i987 $112, 358 
1988 $2, 153, 183 
1989 $0 
1998 $0 
1991 $8 
1992 $0 
1993 $0 
1994 $8 
1995 $8 
1996 : $2 
1997 $2 
1998 #0 
1999 $2 
2000 $0 
oe $0 
2082 $8 
2803 $2 
2004 ne $8 
2805 $0 
2006 $8 
2007 - $0 
2008 ($1,236, 280 


) 


PIPELINE 
Gem TOTAL 

sé $8 

$8 $112, 358 

$8 $2, 153, 183 
$2, 400 $2, 360 
$3, 045 $3, 645 
$3,197 $3, 197 
$3, 357 $3, 357 
$3,525 $3,525 
$3, 701 $3, 701 
$3, 886 $3, B46 
$4, 081 $4, 081 
$4, 285 $4, 285 
$4,499 $4, 499 
$4, 724 $4, 724 
$4, 960 $4, 960 
$5, 208 $5, 208 
$5, 468 $5, 468 
$5, 742 $5, 742 
$6, 029 $b, 029 
$6, 330 $6, 338 
$6,647 $6,647 
$6,979 $6,973 


$7,3¢8 ($1,228, 672) 


$67, 200 
$1, 05c, 688 
$0 


PUMP STAT IUN 


$0 
$6/, 10d 
$71, 041 
$75, 20d 
$79,614 
$64,273 
$89, 199 
$94, 406 
$99, Nz 
$105, 752 
$111, 684 
$118,387 
$125, 260 
$132, 523 
$144, 204 
$148, 31d 
$156, 694 
$165,957 
$179,533 
$185, 653 
$19, 345 


$0 

$67, 200 
$1, 852, 4d 
$67,100 
471, 241 
$73, 264 
$79,614 
$44,273 
$09, 199 
$44, 4065 
$35, Fic 
$105, 742 
$i1i, 644 
$iid, 387 
$123, coe 
$loc. 55 
$14u, cd4 
$148, 314 
$150, 634 
$163, 337 
$i79, 03d 
$165,054 
$15, 349 


Table A-3 
TENMILE CREEK WATER TREATMENT PLANT 
PRELIMINARY ENGINEERING REPORT 


WATER TREATMENT PLANT PRESENT WORTH ANALYSIS 


PROJECT COST ASSUMPTIONS 


Construction Period 

First Year of Construction 

Second Year of Construction 

First Fuil Year of Uperation 

Cost Escalator 

Project Cost (CAC) 
Construction Cost (current) 
Contingency (15%) 


Subtotai 


Engineering Design (6.8%) 
Engineering Construction (6, 4%) 
Lenal & Admin. (3%) 

Financing (3%) 


Total Cost (current) 

Project Cost (Conventional) 
Construction Cost icurrent) 
Contingency (15%) 

Subtotal 
Engineering Design (6.5%) 
Engineering Construction (6.5%) 
Legal & Admin. (3%) 


Financing (3%) 


fotal Cost (current) 


$5, 681, 08d 


$341, 080 
$364, dee 
$178, 080 
$1728, 008 


$6, 726, 008 


$5, 254, 08 
$785, 08 


ooo 


$6,019, 0d 


$391, U0 
$341, 008 
$141, dv 
$161, Wed 


$7, 163, 042 


Tabie A-4 


TENMILE CREEK WATER TREATMENT PLANT 
PRELIMINARY ENGINEERING REPORT 


WATER TREATMENT PLHNT PRESENT WORTH ANALYSIS 


ANNUAL CASH FLOWS 


ee 


CAC WATER TREATMENT PLANT 


CAPITAL 


$0 

$358, 050 
$3, 519, 731 
$3,695, 718 


o&* 


$2 

$8 

$8 
$367, 108 
$386, 405 
$406, 722 
$428, 185 
$450, 610 
$474, 295 
$499, 222 
$525, 455 
$553, 064 
$582, 121 
$612, 700 
$644, 882 
$678, 758 
$714, 393 
$751, 304 
$791, 379 
$832, 923 
$876, 642 
$922, 651 
$971,069 


Se eee Hr ee ee ee 


TOTAL 


$8 
$358, 058 
$3,519, 731 
$4, 062, 818 
$346, 405 
$406, 722 
$428, 105 
$450,610 
$474, 295 
$499, 222 
$525, 455 
$553, 064 
$582, 121 
$612, 768 
$644, 882 
$678, 758 
$714, 393 
$751, 904 
$791,379 
$832, 923 
$876, 642 
$922, 651 
$1,225,567 


CONVENTIUNAL WATER TREATMENT PLANT 


CAPITAL 


$0 

$410, 558 
$3, 733, 065 
$3,919, 718 


SSSSSESCSEESESLEESEEES 


J 


$366, 831 


G&M 


$347, s0d 
$407, 724 
$429, 221 
$451, 649 
$475,667 
$500, 737 
$527, 125 
$554, Ue 
$584, 135 
$614, 965 
$647,293 
$681, 382 
$717,261 
$755, 026 
$794, 773 
$836, 688 
$860, 639 
$326, 941 
$375, 757 
$1,827, 092 


TOTAL 


Se 

941d, 228 
$4, 75d, 865 
$4, 507, did 
$407, 724 
$4c95, cz} 
$451, 649 
94735, b6/ 
Saud, 73/7 
$527, 125 
$554, 300 
$044, 145 
$ol4, Wo 
$647,293 
$081, ddc 
$717, chi 
$/33, 026 
$794,773 
$236, O44 
$860,649 
$3cb, Jd! 
$975, 737 
$1, Joa, Jeo 


“fae 


ae 
i ee 


ene. ros 


RE 
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